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PREFACE 


The Fujitsu MB87030 (SPC: SCSI Protocol Controller) is a CMOS LSI circuit 
developed to contro] the small computer system interface (SCSI). 


This manual explains the functions and use of the MB87030. 
It consists of the following chapters: 


CHAPTER 1 OUTLINE 

CHAPTER 2 INPUT/OUTPUT TERMINALS 

CHAPTER 3. FUNCTIONS 

CHAPTER 4 OPERATIONAL DESCRIPTION 

CHAPTER 5 EXAMPLES OF EXTERNAL CIRCUIT CONNECTIONS 
CHAPTER 6 AC CHARACTERISTICS 


To effectively apply this LSI circuit's functions, you must be familiar with 
SCSI functions and interface control procedures. 


Note: Fujitsu reserves the right to change functions or characteristics to 
improve the design of the LSI circuit without prior notice. 
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CHAPTER 1 
OUTLINE 
1.1 GENERAL DESCRIPTION 


The MB87030 (SPC: SCSI Protocol Controller) is a CMOS LSI circuit designed to make 
control of the small computer system interface (SCSI) easier. The MB87030, which can 
control all the SCSI interface signals and handle almost all the interface control 
procedures, can be used as a peripheral LSI circuit for an 8- or 16-bit MPU to 

realize high-level SCSI control. This LSI circuit has an 8-byte FIFO data buffer 
register and a transfer byte counter that is 24 bits long. Its wide range of appli- 
cations allows not only asynchronous mode transfer but also synchronous mode transfer 
with an offset of 8 bytes at maximum. Furthermore, MB87030 can serve as either an 
INITIATOR or a TARGET device for the SCSI, and can therefore be used for either an 1/0 
controller or a host adapter. (Note: In this manual, MB87030 is referred to as SPC) 


~ 


.2 FEATURES 


Full support for SCSI control 

Serves as either INITIATOR or TARGET device 

Synchronous mode transfer with a programmable offset, up to eight bytes 
Data transfer speed programmable at four rates (in synchronous mode transfer) 
Data transfer up to 4 MBPS allowed 

Eight-byte data buffer register incorporated 

Transfer byte counter, 24 bits long, incorporated 

Independent data transfer bus 

Applicable to the single-ended alternative and the differential alternative 
for SCSI 

Single +5 V supply 

Low power dissipation 

TTL-compatible inputs/outputs 

PGA 88-pin ceramic package 


oe @@¢@¢ 0 0¢ 0 @ 


1.3 ELECTRICAL CHARACTERISTICS 


1.3.1 Absolute Maximum Ratings* 


Late ieadde. cx: coast Voltage Vss- = 0.5 ena 
Vss*- 0.5 | Yoo + 0.5 


| Output Voltage Vss - 0.5 | Yoo+0.5 |V 


Storage Temperature (Ceramic stg | -65 | sso [ec 


Temperature Under Bias (Ceramic +125 °C 


Output Current*~* Ig5 +70 
* Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 

Functional operation should be restricted to the conditions as detailed in 
the operational sections of the data sheet. Exposure to absolute maximum 
rating conditions for extended periods may affect device reliability. 

** Vog = OV 

*** Not more than one output may be shorted at a time for a maximum duration 
of one second. 


-i- 


1.3.2 Recommended Operating Conditions 


eee 
Ganda tS 


1.3.3 DC Characteristics 
(Recommended Operating Conditions unless otherwise noted) 


| Parameter } Symbol | | Condition | Min. | Typ. | Max. | Unit 


Pes [es [arene] | [ne [ 
oe a CCE 
Pena [ww forme] feel © 
Peon [fan oli] [ee [ 
Pesan fo | fe | [* 
Pemwwee fe | le 
Peer fas fen [| [ef 
3-state 
cs ES 


* Note: = Vpp » 


1.3.4 Capacitance 
(Ta = 25 °C, Vpp = Vz = OV, f = 1 MHz) 


smiot] wns [tm [oem | 


Input Pin Capacitance 


ae Pe 
1/0 Pin Capacitance cyo| | Ln |e | 


1.4 PHYSICAL DIMENSIONS 


The MB87030 is packaged in an 88-pin ceramic package. Figure 1.4.1 shows the 
dimensions of the package. 


88-LEAD CERAMIC (METAL SEAL) REPEATED QUAD IN-LINE PACKAGE 
(CASE No.: RIT-88C-A01) 


.015(0.38) 


-02510.64) DIA -040(1.02)TYP DIA 


1.185{30.10) 
1,.215(30.86) 


INDEX 
AREA 


| 
| 1.185{30.10) | o3si0.sei| | -090(2.29) 
1.215(30.86) -060(1.52) -110(2.79) 
-25016.35) .120(3.05) 
MAX .150(3.81) 


1.100(27.94) 
REF 


. -) 
° 
° 
Jo 
° 
° 
° 
° 
° 
° 
° 
J 


9e@e08 G08 0 60 6 80 808 oO oO Oo 
> a: + er) 


Dimensions in 
inches (millimeters) 


Figure 1.4.1 Dimensions of Package 


CHAPTER 2 
INPUT/OUTPUT TERMINALS 


2.1 PIN ASSIGNMENTS 


Figure 2.1.1 shows the arrangement of pins on this LSI. 


2.2 INPUT/OUTPUT SIGNALS 


Table 2.1.1 lists the input/output signals and their functions. In this table, the 
plus and minus signs have the following meaning: 

+: Indicates an active-high signal. 

-: Indicates an active-low signal. 


0 0 
24 23 
QO. oO 
63 22 
‘Oune) 
62 21 
Se @ 0 0 
37 74 61 20 
Q, se} (Top View) 2 9, 
Qs 2 a ¢, Qo Qs 
00 @ g0O.°0. 
Zo 77 88 ees 
2, a Index pin 57 16 
2 % ye 36 Gs 
O O e@ ® 0 0 
43 80 81 82 55 14 
2, Q a °; “ ae % ms 2 @; oF o, 
eSedcsg TIS saad 
1203 4 5 6 7 8 1011 ~«12 


Orientation Mark 


0 | SDBOP r | al 


2 
26 | o | spBE6 | 48 |1/o| ps | 70 | o | SDBO3 
6 |1/o| 4 | 28 sppts | 50 |t/o]pe [72 | | SDBO1 


Signal Signal Signal Signal 
re. [ 0 [Too [v0] Yo. [v0] EE nos] ve 
1] 1 [am {23 | 45 67 9 


12 | o | TaRG | 34 
00 


s 
sppoo | 58 | z | REQI | 80 | 1/0 | D3 


17 | 0 | REQ | 

o |acxo |41 | x | presp | 63 | x | spsrp | 85 | Power suppiy| VSS 
|r/o| po =: | 6& | © | spzo7 | 86 | Power suppiy| VDD 

(21 | 9 |atno | 43 |1/0| D1 65 | o | spBo6 | 87 | Power supply 


[22 | o |sppep |44 | 1 | ao 66 | x | SDB16 


Figure 2.1.1 Pin assignments 


Table 2.1.1 Input/output signals (Continued on next sheet) 


SE [eee] fee 


+5 V power supply 


ma ig ~~ 


A A lock input for controtting the SPC internal operation input for A lock input for controtting the SPC internal operation the SPC internal operation 
and the data transfer speed. 


An asynchronous reset signal for clearing the internal 
circuits in SPC. 


A selection enable signal for accessing an internal 
register in SPC. When this input signal is active, 
the following input/output signals are valid: 

Wi, WIG 

A3 to AO 

D7 to DO, DP 


Address input signals for selecting an internal register 
in SPC. 

MSB: A3, LSB: AO 
When CS input is active, read/write is enabled in an 
internal register selected by these address inputs via 
data bus lines D7 to DO and OP. 


These strobe inputs are used for reading out the contents 
of the SPC internal register, and are effective only when 
CS input is active. While RDG input is active, the 
contents of an internal register selected by A3 to A0 
inputs are placed on data bus lines D7 to DO and DP. 

For a data transfer cycle in the program transfer mode, 
the trailing edge of RD input is used as a timing signal 
indicating the end of data read. 


This strobe input is used for writing data into an SPC 
internal register, and is effective only when CS input is 


‘active. On the trailing edge of this signal, data placed 


on data bus lines D7 to DO and DP are loaded into an 
internal register selected by A3 to AO inputs. (Except 
when A3 = A2 = Al = AO = 'H') 

For a data transfer cycle in the program transfer mode, 
the trailing edge of this signal is used as a timing 
signal indicating data-ready state. 


While this signal is active, data placed on data bus lines | 
D7 to DO and DP are output to HDB7 to HDBO and HDBP if the 
following input conditions are satisfied: 

S = 'L! 


A3 = A2 = Al = AO = ''H' 
HIN = 'H' 


Table 2.1.1 Input/output signals (Continued on next sheet) 


Used for write/read data into/from an internal register in 
SPC. This data bus is three-state and bidirectional. 

MSB: D7 

LSB: DO 

Odd parity bit: ODP 
When the CS and RDG inputs are active, the contents of the 
internal register are output to the data bus (read 
operation). In operations other than read, this data bus 
is kept at a high impedance level. 


Requests an interrupt to indicate completion of SPC. 
internal operation or occurrence of an error. Interrupt 
masking is allowed except for an interrupt caused by RSTI 
input (reset condition in SCSI). When an interrupt 
request is permitted, the INTR signal remains active 
until the cause of the interrupt is cleared. 


Used as input from the SCSI data bus. 
MSB: SDBI7 
LSB: SDBIO 
Odd parity bit: SDBIP 
Parity checking for the SCSI data bus is programmable. 


Used as outputs to the SCSI data bus. 

MSB: SDBO7 

LSB: SDBOO 

Odd parity bit: SDBOP 
If the bus driver is an open collector type, there signals 
can be supplied directly to the driver circuit. If the 
bus driver is a three-state type, these signals are used 
as data, and the SDBE7 to SDBEO and SDBEP signals are used 
as drive enable signals. 


Used as drive enable signals (corresponding to respective 
bit positions) where a three-state buffer is used for the 
SCSI data bus. SDBE7 to SDBEO and SDBEP correspond to SDBO 
to SDBOO and SDBOP, respectively. The relationship with 
SCSI bus phase is shown below. 


(ID D 


ARBITRATION 


|ARBITRATION  — | HT 

| SELECTION/RESELECTION | DBD } D | ‘H' { ‘RH | 
nformation | SPC + SCST/ D | D | THT] THT] 
transfer | SPC SCSI 


¢ (ID) indicates a bit position corresponding to the SCSI 
bus device ID, and (ID) indicates other bit position. 
e D denotes that a valid information is sent out. 


Table 2.1.1 Input/output signals (Continued on next sheet) 


ignal Po a- 
Ct so TE 


Used for receiving SCSI control signals. The outputs of 

the SCSI receiver circuit can be connected directly. 

Note: Waveform distortion or any other disturbance should 
not occur in the REQI and ACKI signals which are 
used as timing control signals for sequencing data 
transfer. 


Used for outputting SCSI control signals. The following 
signals become active only when SPC serves as a TARGET; 
otherwise, these signals are always low. 

REQO, MSGO, C/DO, 1/00 
The following signals become active only when SPC serves as 


an INITIATOR; otherwise, these signals are always low. 
ACKO, ATNO 


2 | Used for indicating the SPC operation state. These signals 
are also available as control signals for the SCSI 
driver/receiver circuit. 


LINTT [| TARG | 
PLT iL | SPs na ome bed WHER SCSI ———— 


aa is executing RESELECT IO} phase, or is 
operating as a TARGET. 


is executing SELECTION phase, or is 
eee rs as an INITIATOR. 


DREQ + O | 76 1 | At a data transfer cycle in DMA mode, the DREQ signal is 
used to indicate a request for data transfer between SPC 
and the external buffer memory. In DMA mode, data is 
routed as shown below. 


¢ Output operation 
External buffer memory 


HDB7 to HDBO, and HDBP pins 

spe internal data buffer register (8 bytes) 
SDBO7 to SDBOO and SDBOP pins 

(SCSI) 


Table 2.1.1 Input/output signals (Continued) 


Signal | Pola- ; 
Pnane (rity [OPI [Q'ty | Function 


e¢ Input operation 
(SCSI) 


SpBI7 to SDBIO and SDBIP pins 

spe internal data buffer register (8 bytes) 
HDB? to HDBO and HDBP pins 

External buffer memory 


In an output operation, this signal becomes active to 
request data transfer from the external buffer memory when 
the SPC internal data buffer register has free space 
available. In an input operation, it becomes active to 
request data transfer to the external buffer memory when 
the SPC internal buffer register contains valid data. 


Used as an response signal to the above data transfer 
request signal (DREQ) in DMA mode data transfer cycle. 

Pin DRESP must be supplied with a pulse signal at the end 
of each byte that is transferred. In an output operation, 
SPC uses the trailing edge of the DRESP signal for sampling 
data on HDB7 to HDBO and HDBP bus lines. 

In an input operation, SPC holds data to be transferred 
onto HDB7 to HDBO and HDBP bus lines until the trailing 
edge of the DRESP signal. 


Three-state, bidirectional data bus for transferring data 
to/from the external buffer memory in DMA mode data 
transfer cycle. 

MSB: HDB7 

LSB: HDBO 

Odd parity bit: HDBP 
The data transmission direction depends on the HIN input 
signal. 

HIN HDBn Operation 

TT Input mode Output 
'H' Qutput mode Input 


This signal indicates transmission direction along data 
bus lines HDB7 to HDBO and HDBP in DMA transfer mode. 
Transmission direction must be coordinated with the SPC 
internal operation to be executed. When the HIN signal 

is low, data bus lines HDB7 to HDBO and HDBP are put in 
the high impedance state (input mode). When the HIN signal 
is high, they are put in the output mode. 


CHAPTER 3 
FUNCTIONS 


3.1 FUNCTIONAL BLOCKS 


Figure 3.1.1 shows the SPC functional block diagram. 
SPC mainly consists of the following functional blocks: 


(1) Internal register block 

(2) MPU interface control block 

(3) Bus phase control block 

(4)  Arbitration/selection sequence control block 
(5) Transfer sequence control block 

(6) Transfer byte counter block 

(7) Data buffer register block 


| |Transfer i 


SDBEO~7 ,P 


q 


SDBOO~7 ,P i 
<i 

ane ryt 
een 


Figure 3.1.1 SPC functional block diagram 
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3.2 INTERNAL REGISTER 

SPC has internal registers consisting of 17 bytes that are accessible from an exter- 
nal circuit. These internal registers are used for controlling SPC internal opera- 

tion and indicating SPC processing status/result status. 

3.2.1 Addressing 

A unique address is assigned to each internal register, and a particular register is 
identified by address bits A3 to AQ. Table 3.2.1 shows internal register addressing. 


3.2.2 Internal Register Assignments 


Table 3.2.2 shows the bit assignment to each internal register. 
When accessing an internal register (in read/write), remember the following: 


(1) The internal register block includes the read-only/write-only register and 
those having different meanings in read and write operations. 

(2) A write to the read-only register is ignored. 

(3) If the write-only register is read out, the data and parity bit are undefined. 


(4) At bit positions indicating " " for a write in Table 3.2.2, either 1 of 0, 
or may be written. 


Table 3.2.1 Internal register addressing 


Pe S[R[ [S| o [teria tee [ae 
re fe fof e[e Pi as tees | wm 
ee 
Pepe fe [eA comme 
Pee fe [eA tment 
Popo fs 


| 0 | 0} Interrupt Sense INTS 
|W 


Reset Interrupt 

po fo ft [ol t apse braanes 
| W | SPC Diagnostic Contro 

eS Ee eee 
ee ee eee eee ee 


crepes SPC Error Status 
| WwW 


Sa = ee eins (Ce 
}o {2 }oj}o}o fi Phase Control PCTL 
ERES | o | 1 Li} Modified byte Counter | Modified Byte Counter 
SE 
Po [eae A Tesora tein [10 
Poe Pe Pe trate er 
Fo fafafo}a bye Transfer Counter Middle | TM | 
PoP T2 [EA restr tomer tw [et 
CASES 
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Table 3.2.2 Internal register bit assignment (Continued on next sheet) 


3 


SCSI Bus Device 1D 
#5 #4 #3 #2 #1 #0 
SCSI Bus Device ID 
ID4 ID2 D1 


Me Reset | Control] Diag | ARBI! Parity | Select] Reselec 

and Reset | Mode | Enable | Enable } Enable Enable 
Dis- 

mu able 


Transfer Phase 
I/D 


Register 
(DREG) 


Transfer Counter High (MSB) 
21 20 19 18 1? 


Transfer Counter Middle (2nd Byte) 
14 13 12 11 10 | 


Transfer Counter Low (LSB) 
2 


Interrupt 
Sense 
(INTS) 


Reset Interrupt 


SPC j Xfer in) SCSI 1C=0 DREG Status 
Status Pro- RST FULL EMPTY 


(SSTS) gress 
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Table 3.2.2 Internal register bit assignment (Continued) 


Fel ce 
aobr.) | | ie 
Status | [scsi [see | | [error [error| period [error | 
Status ee SCSI SPC Error | Error } Period | Error 


Temporary 
Register 
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3.3 MAJOR OPERATIONS 
3.3.1 MPU Interface Control Block 


The MPU interface control block selects a specified internal register and controls a 
read/write operation. Also, this block generates an interrupt and indicates its 
cause. (This is done to report the result status of SPC internal operation, and the 
detection of an error, if encountered. ) 


3.3.2 Bus Phase Control Block 


The bus phase control block generates a specified bus phase for SCSI and controls its 
sequence of executions. Also, this block supervises SCSI status, and responds to the 
bus phase being executed if necessary. 


3.3.3 Arbitration/Selection Sequence Control Block 


This sequence control block executes the ARBITRATION phase with the SCSI-specified 
timing and obtains permission to use the SCSI bus. Then, it carries out the 
SELECTION/RESELECTION phase and checks the response from the selected/reselected 
device. Also, this block detects the SELECTION/RESELECTION phase on SCSI, and checks 
the bus device ID specified in the internal register against that specified on the 
SCSI data bus. Then, if this block finds that SPC has been selected by another SCSI 
bus device, it executes the response sequence for the SELECTION/RESELECTION phase. 


3.3.4 Transfer Sequence Control Block 


This sequence control block controls the DATA IN/OUT, COMMAND, STATUS, and MESSAGE 
IN/OUT phases to be executed in SCSI. The following two modes are available for exe- 
cution of these transfer phases: 


(1) Manual transfer mode 
In manual transfer mode, the MPU interface is used for transferring data and 
sending/receiving/checking the REQ/ACK signals on SCSI. 


(2) Hardware transfer mode 

In hardware transfer mode, SPC controls the SCSI transfer sequence according to 
the transfer mode and transfer byte count specified in the internal registers, and 
reports the end result of transfer. Asynchronous and synchronous mode transfer 
operations can be executed. In the asynchronous mode transfer operation, the REQ 
and ACK signals are controlled by the interlock protocol. In the synchronous mode 
transfer operation, a maximum of eight-byte offset is available for the DATA IN/OUT 
phase. The hardware transfer mode is subdivided into two according to the data 
routing: 


(a) Program transfer mode 
Data is routed via MPU interface in the following data paths: 
SCSI «+ Data buffer register +» Data bus lines D7 to DO and DP. 


(b) DMA mode 
Data is routed using DREQ and DRESP signals for DMA control in the following 
data paths: ; 
SCSI ++ Data buffer register «+ Data bus lines HDB7 to HDBO and HDBP. 
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3.3.5 Transfer Byte Counter Block 


This counter indicates the transfer byte count used for hardware transfer mode 
operation in SPC. It consists of 24 bits. Except for execution of a special 
transfer operation (padding), the transfer byte counter is decresed by one each time 
one byte of data is transferred on SCSI. The transfer byte counter is also used as a 
timer for supervising the waiting time for a response to be returned from the 
selected SCSI bus device during execution of the selection/reselection phase. On the 
MPU interface, the transfer byte counter is treated as three separate internal 
registers (TCH, TCM, TCL), each being one byte long. 


3.3.6 Data Buffer Register Block 


The data buffer register block is used in execution of a hardware transfer mode 
operation in SPC. It has a capacity of eight bytes, and operates on the FIFO 
principle for each byte. In an input operation (from SCSI to SPC), data received 
from SCSI is loaded into the buffer register. In DMA mode, transfer request signal 
DREQ is generated to the external buffer memory. Also, in program transfer mode, 
data can be read out from this buffer register. In an output operation (from SPC to 
SCSI), data supplied from the MPU interface (program transfer mode) or external 
buffer memory (DMA mode) is loaded into the buffer register and then sent to SCSI. 
In this case, a maximum of eight bytes of data is prefetched into SPC. The MPU 
interface treats 8-byte data buffer register as if it was a one-byte internal 
register. In an input operation, the byte locations holding valid data are selected 
in succession for reading out. In an output operation, the empty byte locations are 
selected in succession for writing in. 
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CHAPTER 4 
OPERATIONAL DESCRIPTION 


4.1 BDID REGISTER 


prot rz te} st ef et ef af ole | 

Zs Bit Significant Bus Device ID re 
#7 #6 #5 #4 #3 #2 #1 #0 

Re SCSI Bus Device ID | | 
ID4 ID2 IDl 


Write Operation (Bits 2 to 0): 


The BDID register specifies an SCSI bus device identifier (ID) with a three-bit binary 
number. This setting must be completed before resetting the SCTL register's bit 7 


(Reset & Disable). Bits 2 to 0 are not affected by any resetting except power on 
reset. 


Read Operation: 


The BDID register indicates an SCSI physical device address (bus device ID) with each 
bit. An SCSI physical device address is decoded from the values at bits 2 to 0 
specified in a write operation to the BDID register described above. One of the bits 
is 'one', the others are all. 'zeros'. The SCSI bus usage priority is assigned in 
descending order from bit 7 to bit 0. Using a bus device ID indicated in this 
register, SPC executes the ARBITRATION phase. Also, if a SELECTION/RESELECTION phase 
condition occurs in SCSI, the value of the SCSI data bus is checked against the con- 
tents of this register to see whether the SPC has been selected/reselected or not. 


4.2 SCTL REGISTER 


or ie ee et ee 

PR | Reset ontrol | Diag | ARB Parity | Select | Reselect p 
& Reset Mode | Enable | Enable | Enable } Enable 

lw | Disable 


Bit 7: Reset & Disable 


Bit 7 indicates a reset instruction to the internal registers and control 

circuits in SPC. When this bit is 1, SPC is reset and logically disconnected from 
SCSI (put in the disable state). Execution of the hardware reset (RST input = 'L') 
causes this bit to be 1. To enable the SCSI operation, bit 7 must be made zero to 
release the disable state. 
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Bit 6: Control Reset 


Bit 6 instructs resetting of the data transfer control circuit in SPC. That is, the 
data transfer control circuit is reset when this bit is 1. Even if the control reset 
is executed by this bit during the SPC operates with SCSI, the SPC keeps connected 
state with SCSI. The reset function of this bit should be used for resetting the 
data transfer control circuit while it is connected with SCSI. More specifically, 

jt should be used when an error is indicated by bit 1 (SPC Hardware Error) of the 
INTS register during execution of the SCSI transfer phase or when a timeout occurs 
before completion of Transfer command execution (supervised by the MPU program). 

Bit 1 (SPC Hardware Error) of the INTS register and the SERR register are cleared by 
the reset function of this bit. 


Note: This reset function initializes the SPC transfer control circuit. So, when 
the SPC serves as an INTIATOR, the following consideration is required: 


- Since the REQ signal may be received during resetting, the first byte 
should be transferred in manual mode after resetting. 


Bit 5: Diagnostic Mode 


When bit 5 is 1, SPC enters a diagnostic mode and is disconnected from SCSI. 
A diagnostic mode allows pseudo-execution of the SCSI operation using the SDGC 
register (to be explained later). 


Bit 4: Arbitration Enable 


Bit 4 indicates whether the ARBITRATION phase is executable in SCSI or not. 

1 ... ARBITRATION phase executable 

0 ... ARBITRATION phase nonexecutable 
With this bit set to 1, the Select command causes SPC to execute the ARBITRATION 
phase. And, if the SPC win the arbitration, it executes the SELECTION/RESELECTION 
phase. With this bit set to 0, the Select command causes SPC to execute the 
SELECTION phase without the ARBITRATION phase. As long as bit 4 is 0, SPC returns 
no response to a reselection request from other SCSI bus device. That is, no 
response is made even if bit 1 (Reselect Enable) of this register is set to l. 
Remember that bit 4 must be set correctly before clearing bit 7 (Reset & Disable) of 
the SCTL register. Note also that this bit should not be changed in other than a 
diagnostic mode after clearing bit 7 of the SCTL register. 


Bit 3: Parity Enable 


Bit 3 indicates whether the parity of data received from the SCSI data bus is 
to be checked or not. 

1... Parity of the data received from the SCSI data bus is checked. 

0 ... Parity of the data received from the SCSI data bus is not checked. 
Regardless of the value of this bit, the parity of the data to be sent to the SCSI 
data bus is ensured. Also, the parity of the data on the SPC internal data bus is 
always checked. While SPC is connected with SCSI, this bit should not be changed. 


A parity check is carried out in the following cases: 
(1) When checking an ID value placed on the data bus upon detection of the 
SELECTION/RESELECTION phase in SCSI: 


Detection of a parity error causes no response to the SELECTION/RESELECTION 
phase even if the SCSI bus device ID has been matched. 
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(2) When receiving data from SCSI in an input transfer sequence: 
If a parity error is detected in a data byte, the relevant parity bit value 
is corrected and the data byte with the corrected parity is sent to the MPU/DMA 
data bus. 


Bit 2: Select Enable 


1... SPC responds as a TARGET device to the SELECTION phase in SCSI. 
0 ... SPC does not respond to the SELECTION phase in SCSI. 


Note: If SPC has already detected the SELECTION phase during an attempt to set 
this bit to 0, SPC responds to the SELECTION phase as a TARGET device. 
In this case, the 0 setting is effective for the subsequent SELECTION phase 
(with no response). 


Bit 1: Reselect Enable 


1... SPC responds as an INITIATOR to the RESELECTION phase in SCSI. 
0 ... SPC does not respond to the RESELECTION phase in SCSI. 


Note: If SPC has already detected the RESELECTION phase during an attempt to set 
this bit to 0, SPC responds to the RESELECTION phase as an INITIATOR. 
In this case, the 0 setting is effective for the subsequent RESELECTION 
phase (with no response). 


Bit 0: Interrupt Enable 


Bit 0 serves as a mask for enabling/disabling an interrupt (INTR) output from 
the SPC. 


1 ... Interrupt enabled 
0 ... Interrupt disabled 


An interrupt due to a RESET condition detected in SCSI cannot be masked. 
Regardless of the value of this bit, an interrupt event is always indicated in the 
INTS register. This makes available poll-mode control in an interrupt disabled 
state. 


4.3 SCMD REGISTER 


i ERE RS! Inter- ransfer Modifier 
Out | cept PRG ‘O' | Term. 
Xfer Xfer Mode 


4.3.1 Register Functions 


The SCMD register is used for giving a command to SPC. Writing into this register 
causes SPC to initiate the command processing specified at bits 7 to 5 
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Bit 7 to 5: Command Code 

Bit 7 6 5 Command 
0 0 0 Bus Release 
0 0 1 Select 


0 7 0 Reset ATN 

0 di 1 Set ATN 

1 0 0 Transfer 

1 0 1 Transfer Pause 
1 1 0 Reset ACK/REQ 


1 1 1 Set ACK/REQ 


Bit 4: RST Out 


If bit 7 (Reset & Disable) of the SCTL register is 0, setting 1 in bit 4 of this SCMD 
register sends the RST signal (RSTO pin) to SCSI. When bit 4 is set to 1, a command 
being executed or waiting for execution in SPC is cleared and all signals to SCSI 
other than RST are deactivated. To ensure for the SCSI timing requirements, MPU must 
Maintain this bit at 1 for more than 25 microseconds. 


Note: If the RST signal (RSTI pin) is received from SCSI with this bit set to 0, 
the operation sequence is as follows: 


e A command being executed or waiting for execution in the SPC is cleared. 
e All signals to the SCSI are deactivated. 
e An interrupt condition (non-maskable) is generated. 


Whenever bit 7 (Reset & Disable) of the SCTL register is 0, the SPC always 
accepts the RST signal from the SCSI. 


Bit 3: Intercept Transfer 


Bit 3 specifies the special data transfer mode. It is valid only when SPC serves as 
an INITIATOR. 


This bit should be set to 1 together with the Set ATN, Set ACK/REQ, or Bus Release 
command (Bus Release command has no effect when SPC has been connected with SCSI as 
an INITIATOR). And, this bit should be reset together with the Reset ACK/REQ com- 
mand. (When two or more bytes are transferred using the Set ACK/REQ and Reset 
ACK/REQ commands, this bit must be reset on issuance of the Reset ACK/REQ command for 
the last byte.) With bit 3 of SCMD register set to 1, executing manual transfer (MPU- 
controlled transfer using the Set ACK/REQ and Reset ACK/REQ commands) does not change 
the contents of the eight-byte data buffer register in SPC. Therefore, if a TARGET 
changes bus phase to such as MESSAGE IN during execution of the DATA OUT phase, this 
intercept transfer mode makes it possible to optionally restart the DATA OUT phase at 
the end of the interrupting phase. The phase change during transfer execution is 
reported by a ‘service required' interrupt. To execute this intercept transfer mode, 
bit 3 of SCMD register must be set to 1 prior to the resetting of an interrupt (an 
interrupt must be reset after bit 3 is set to 1). Even when not using the intercept 
transfer mode, bit 3 may be specified for resetting a ‘service required’ interrupt. 
In this case, bit 3 must be set/reset together with the Bus Release command. For 
more details, see the description of bit 3 (Service Required) of the INTS register. 
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Bits 2 to 0: Transfer Modifier 


Bits 2 to O are used as a field for specifying the execution mode of the information 
transfer phase. A value must be set in this field when the Transfer command is 
issued. If any of the following commands are issued during execution of the Transfer 
command, this field's value must not be changed: 


e Set ATN 
e Transfer Pause 
e Reset ACK/REQ 


Bit 2: Program Transfer 
1... Data is transferred between the MPU and the data buffer register in SPC. 


0 ... Data is transferred in the DMA mode in which the SPC signals a transfer 
request to the external buffer memory. 


Bit 1: Unused 


Bit 1 must always be set to 0. 


Bit 0: Termination Mode 


Bit 0 provides different functions depending on the SPC operation mode. When SPC 
serves as an INITIATOR, bit 0 specifies the following operations: 


1... Even after the transfer byte counter reaches 0 during execution of the Transfer 
command, data transfer is continued if the REQ signal arrives from a TARGET in 
the same phase. if an output operation is in progress, all 0 bits (with a 
parity bit set to 1) are transmitted as data. During an input operation, the 
received data is ignored. But parity is checked if it is enabled (Parity 
Enable). The above data transfer is referred to as padding transfer, which is 
effective only when the DATA IN or DATA OUT phase is executed. Padding 
transfer is executed only within SPC, and a transfer request is not signalled 
to the external buffer memory even if the DMA transfer mode is specified. 
Padding transfer is maintained until a TARGET changes the bus phase. In the 
padding transfer mode, if the Transfer command is issued with the initial value 
of the transfer byte counter set to 0, execution of padding transfer is started 
with the first byte. To carry out an output operation in this case, the TEMP 
register must be set to X'00' prior to issuance of the Transfer command. 


0 ... Transfer command execution terminates when the transfer byte counter reaches 0. 
The Transfer command must be reissued for receiving the next REQ signal from 
a TARGET. 


When SPC serves as a TARGET, bit 0 specifies the following operations: 


1... If a parity error is detected in the received data during execution of the 
Transfer command for input, the current transfer pequence’: is immediately 
stopped to terminate Transfer command execution. 


0 ... Even if a parity error is detected in the received data during execution of the 


Transfer command for input, the current transfer sequence is continued until 
the transfer byte counter reaches 0. 
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4.3.2 Command Functions 


(1) 


(2) 


Bus Release command 

When SPC acts as a TARGET role, the Bus Release command instructs a transition to 
the BUS FREE phase. During execution of the information transfer phase, the 
Transfer Pause command must be issued to halt the data transfer operation prior 
to this command. Otherwise, the SCSI bus sequence is not ensured. The Bus 
Release command may also be used to cancel the Select command waiting for the bus 
to become free. Note that the Bus Release command is ignored if SPC has already 
started the ARBITRATION or SELECTION phase. 


Select command 

The select command requests the SELECTION/RESELECTION phase to be started. 

It shall be issued only when the SPC is not connected with SCSI. When the SPC 
receives this command, it carries out the following operation upon detection of 
the BUS FREE phase is SCSI. 


. When bit 4 (Arbitration Enable) of the SCTL register is set to 1: 


After the BUS FREE phase has been detected, SPC executes the ARBITRATION 
phase to try to obtain bus usage permission. If the SPC has lost the 
arbitration, the Select command terminates its execution. If the SPC has 
won the arbitration, SPC executes the SELECTION or RESELECTION phase. 

The SELECTION phase is executed when bit 0 (1/0 Out) of the PCTL register 
is set to 0, and the RESELECTION phase is executed when it is set to l. 


. When bit 4 (Arbitration Enable) of the SCTL register is set to 0: 


After the BUS FREE phase has been detected, SPC executes the SELECTION phase. 


Before this command is issued, the following settings must be made in either of the 
above cases: 


a. 


PCTL register 
Specify the phase to be executed at bit 0 (1/0 Out). 

0 ... SELECTION phase to be executed 

1 ... RESELECTION phase to be executed 

Note that whenever bit 4 (Arbitration Enable) of the SCTL register is set to 0, 
the SELECTION phase is executed regardless a value of bit 0 (1/0 Out) of the PCTL 
register. 


. Set ATN command 


Issue the Set ATN command if it is required to assert an ATN signal at the 
SELECTION phase. 


. TEMP register 


In the TEMP register, specify a value to be sent to the SCSI data bus during 
execution of the SELECTION/RESELECTION phase. 


. TCH and TCM registers 


Specify a response (BSY signal) waiting supervisory time for execution of the 
SELECTION/RESELECTION phase. The supervisory time Ts, should be calculated as 
follows: 

Assuming that the value of TCH and TCM is N (MSB: TCH, LSB: TCM); 

When N does not equal 0, Tsj = (N x 256 + 15) x Tclp x 2. When N equals 0, 

Ts_ =_infinite. Where, Tc_f is a cycle time of the clock signal supplied to 
the CLK pin of SPC. 
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e. TCL register 
Specify a period of time (TwarT) from the moment when both BSY and SEL signals 
become inactive on SCSI upon detection of the BUS FREE phase to the moment when 
SPC initiates the ARBITRATION/SELECTION phase. Parameters (X'00') to (X'OF') can 
be specified in the TCL register. The average TWAIT value can be derived using 
the following equation: 


Twart = [(TCL + 6] x Tetp [(TCL) + 7] x ToL 
Where, 


(TCL): A set value in the TCL register. 
Top: A cycle time of the clock signal supplied to the CLK pin of SPC. 
Table 4.3.1 lists the values recommended to be set in the TCL register. 


Table 4.3.1 Values recommended to be set in TCL register 
for use of Select command 


CLF (ns) TwaIT (average) (ns) 
125 - 180 1,250 - 1,980 
140 - 200 03)16 1,260 - 2,000 


In ARBITRATION phase execution by the Select command, the bus device identifier (1D) 
which is sent to the SCSI data bus is the value specified in the BDID register. 

The following equation can be used to obtain the period of time (TARB) required from 
the moment when the arbitration is started (BSY signal assertion) to the moment when 
the bus usage priority is examined: 


TaRB = 32 x TeLe ; ; ; 
Where, Tcif indicates a cycle time of the clock signal supplied to the CLK pin of 


SPC. After SELECTION/RESELECTION phase execution is started, a time-out interrupt 
occurs if no response is acknowledged within the supervisory time specified in the 
TCH and TCM registeres. When a time-out interrupt occurs, the SPC holds the current 
execution state of SELECTION/RESELECTION phase for SCSI. However, until the time-out 
interrupt condition is reset, SPC executes no operation to the response from the bus 
device being selected. Either of the following procedures can be used for a time-out 
interrupt: 


a. Restart of SELECTION/RESELECTION phase 
After specifying a new supervisory time in the TCH, TCM and TCL registers, 
reset the time-out interrupt condition. Then, SPC will restart the 
SELECTION/RESELECTION phase in progress. At this time, changing the TEMP 
register contents can alter the value being sent to the SCSI data bus. 
New supervisory time Tcsj' is expressed as follows: 

Assuming TCH, TCM and TCL value to be N' (MSB:. TCH, LSB: TCL); 

Toi! = N' x Te_p x 2 (N' # 0) 

Where, Tctf indicates a cycle time of the clock signal supplied to CLK pin of the 

SPC. . 


-~22- 


b. Termination of SELECTION/RESELECTION phase 
When a time-out interrupt occurs, the values of TCH, TCM and TCL registers are 0. 
Resetting the time-out interrupt condition in this state causes SPC to deactivate 
all signals to SCSI and terminate the SELECTION/RESELECTION phase unless the BSY 
signal is returned. If the BSY signal is returned when the interrupt condition 
is being reset, then SPC executes a normal sequence to complete the Select 
command. To reset a time-out interrupt condition, set bit 2 of the INTS register 
to 1. If the Select command has been issued with initial setting of 0 for TCH 
and TCM registers, the time-out interrupt does not occur. However, the above 
time-out interrupt resetting procedure must be carried out to terminate the 
SELECTION/RESELECTION phase in progress. If SPC recognizes a response from the 
selected/reselected device during SELECTION/RESELECTION phase execution, SPC 
executes an interface sequence to serve as an INITIATOR (at SELECTION phase) or 
TARGET (at RESELECTION phase), then SPC is connected with SCSI as a relevant 
role. When the Select command is issued, the SPC status is indicated in the SSTS 
register. Figure 4.3.1 shows the status transitions. 
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Fig. 4.3.1 Status transitions in Select command execution 


Check the SPC status after the elapsed time (shown below) following issuance of 
the Select command: 
(1) If Arbitration Enable bit is set to 0 the minimum waiting time is 
22 x (Clock cycle: Te_F) 
(2) If Arbitration Enable bit is set to 1 the minimum waiting time is 
(55 + Set value in TCL) x (Clock cycle: To Ff) 


The Select command waiting for BUS FREE phase can be canceled using the Bus 
Release command. However, if the bus becomes free simultaneously with issuance 
of the Bus Release command, the Select command remains valid to execute the 
ARBITRATION and SELECTION/RESELECTION phases. The MPU program must make sure 
that the Select command has been canceled after more than four clock cycles 
passed since the Bus Release command (write to SCMD register) was issued. 


If the SPC lost the arbitration, the Select command terminates automatically 

(a command complete interrupt does not occur). In this case, note that the TCL 
register contents are unpredictable. When issuing the Select command again, 

be sure to specify the relevant value (see (2)-e, TCL register in Section 
4.3.2) again in the TCL register. 
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(3) Set ATN command 


(4) 


The Set ATN command is valid only when the SPC will act as an INITIATOR role. 

If this command is issued prior to the Select command, the AIN signal is sent to 
SCSI at SELECTION phase execution. If the Set ATN command is issued while the 
SPC is connected with SCSI as an INITIATOR, the ATN signal is sent to SCSI 
immediately. When the parity checking for the SCSI data bus is enabled and SPC 
detects a parity error in the data received from SCSI (during execution of the 
input transfer operation in hardware transfer mode), the ATN signal is sent to 
SCSI regardless of the Set ATN command. (See Figure 4.3.2) The assertion of 
ATN signal is retained until the condition described on item (4) Reset ATN 
command in this section is satisfied. However, the AIN signaling condition held 
in SPC, by the Set ATN command issued prior to the Select command, is cleared, 
ats 

a. the Select command is canceled by the Bus Release command, or 

b. a selected/reselected interrupt occurs before execution of the SELECTION phase. 


Data bus 


eee ee a a ce 
ee t—“‘“‘“OSCS 


ACK 
ATN 
Fig. 4.3.2 ATN signal generation in data transfer 


Reset ATN command 
The Reset ATN command is used to reset the ATN signal being sent to SCSI. If SPC 
generates an ATN signal (due to a parity error in the received data) during 
execution of the hardware transfer mode operation, do not issue this command to 
reset the ATN signal until execution of the current Transfer command has 
completed. Also, to reset the ATN signal in manual transfer mode, execute the 
Reset ATN command before the ACK signal is sent to SCSI. In the following 
cases, SPC automatically resets the ATN signal without the Reset ATN command: 
a. On occurrence of a disconnected interrupt. 
b. On sending the last byte during execution of the MESSAGE OUT phase in 
hardware transfer mode. (See Figure 4.3.3.) 


Data bus 


ACK 
ATN \ 


Fig. 4.3.3 ATN signal resetting in MESSAGE OUT phase 
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(5) Transfer command 
The transfer command executes the following information transfer phases in SCSI: 


DATA IN/OUT phase 
STATUS phase 

COMMAND phase 
MESSAGE IN/OUT phase 


The transfer operation initiated by this command is referred to as a hardware 
transfer operation, the sequence of which is controlled by SPC. Before issuing 
the Transfer command, be sure to set up the following: 


a. Transfer byte counters (TCH, TCM, TCL) 
Set the byte count of the data to be transferred. (MSB: TCH, LSB: TCL) 


b. Bits 2 to 0 of the PCTL register 
Set a pattern indicating the phase to be executed. 


c. TMOD register 
Set detailed transfer mode. 


When SPC serves as a TARGET, it executes the information transfer phase specified 
in the PCTL register and terminates the Transfer command when any of the 
following conditions is encountered: 


a. End of transferring data of the byte count specified in the transfer byte 
counter. 


b. Receipt of the Transfer Pause command. 


c. Detection of a parity error in the received data during an input operation 
with bit 0 (Termination Mode) of the SCMD register set to 1 
(When the parity checking is enabled) 


When SPC serves as an INITIATOR, it starts the transfer operation as follows: 


a. If the REQ signal is received before the Transfer command jis issued, SPC 
compares the phase requested by the SCSI with that specified in the PCTL 
register at receipt of this command. Then, if they match, SPC starts the 
transfer operation. 


b. If the REQ signal has not been received when the Transfer command is issued, 
SPC makes this command wait for execution. Then, if the phase specified in 
the PCTL register matches that requested by SCSI on receipt of the REQ signal, 
SPC starts the transfer operation. In the above phase comparison, if a phase 
mismatch occurs, the Transfer command is nullified, then SPC generates a 
service required interrupt. On occurrence of this interrupt, check the PSNS 
register for the phase requested by SCSI, and issue the Transfer command again 
or carry out manual transfer. 


When SPC serves as an INITIATOR, Transfer command execution terminates when any 
of the following conditions is encountered: 


a. In other than the padding transfer mode, Transfer command execution terminates 
when the transfer of data of the byte count specified in the transfer byte 
counter is completed, or when another information transfer phase is requested 
by the TARGET. 


b. In the padding transfer mode, Transfer command execution terminates when 
another information transfer phase is requested by the TARGET. 


c. Transfer command execution terminates when disconnected interrupt occurs. 
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(6) Transfer Pause command 


(7 


(8 


Se? 


— 


The Transfer Pause command prematurely halts a hardware transfer operation 
initiated by the Transfer command when SPC serves as a TARGET. Note that the 
Transfer Pause command cannot be used when SPC serves as an INITIATOR. 

On receipt of this command, SPC performs the following: 


a. Stops sending a new REQ signal to SCSI, in an input operation. 


b. Stops sending a transfer request (DREQ) signal to the external buffer memory, 
in a DMA mode output operation. 


Note: For an output operation in program transfer mode, a write to the data 
buffer register is not allowed after this command has been issued. 


Then, the hardware transfer operation terminates when the internal data buffer 
register in SPC becomes empty. 


Set ACK/REQ command 


The Set ACK/REQ command is used to set ACK or REQ signals for SCSI during 
execution of manual transfer. When SPC acts as an INITIATOR, this command causes 
the ACK signal to be sent. When SPC acts as a TARGET, it causes the REQ signal 
to be sent. In manual transfer mode, data is transferred via the TEMP register. 
In this case, the pattern (kind) of the information transfer phase to be executed 
must be preset at bits 2 to 0 of the PCTL register. During execution of manual 
transfer, the transfer byte counter remains unchanged. Figures 4.3.4 and 4.3.5 
show the manual transfer procedures. 


Reset ACK/REQ command 


The Reset ACK/REQ command is used to reset the ACK or REQ signals for SCSI. When 
SPC acts as an INITIATOR, this command resets the ACK signal. When SPC acts as a 
TARGET, it resets the REQ signal. Use this command in execution of manual 
transfer. See Figure 4.3.4 and 4.3.5 for the manual transfer procedures. Also, 
when SPC serves as an INITIATOR, the Reset ACK/REQ command must be issued to 
reset the ACK signal for the last byte in the MESSAGE IN phase of the hardware 
transfer mode. In the MESSAGE IN phase, the end of the Transfer command is 
reported with the ACK signal for the last byte being asserted. The MPU program 
checks the validity of the received message first, then issues this command. 

In this case, the ATN signal, if necessary, may be sent out using the Set ATN 
command prior to this command. 


- 27 - 


Set PCTL 


put? = 
Yes 
; 


Set ACK/REQ 


Ye 
Reset ACK/REQ 


Read TEMP 


RG? ef ee 
ACK ———-/ — 
—- 
(SCSI+TEMP ) 


Fig. 4.3.4 Manual transfer procedure (SPC serving as a TARGET) 
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Set ACK/REQ 
Pe cameras. a 
ACK 


> 
(SCSI + TEMP) 
Read TEMP 


Reset ACK/REC 


Manua ansfer No 
com 3 
Yes 
trea > 
Yes 
Read PSNS 


Yes 


Same phasé 


No 


nsfer No 


Set PCTL 


Fig. 4.3.5 Manual transfer procedure (SPC serving as an INITIATOR) 
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4.3.3 Command Termination Report 
(1) Immediate commands 


The followings are immediate type commands which terminate operations immediately 
after being issued. For these commands, SPC does not report termination. 


¢ Set ATN 

e Reset ATN 

e Set ACK/REQ 

e Reset ACK/REQ 


(2) Interrupt commands 


For the following commands, an interrupt occurs at the end of execution. 
The interrupt cause is indicated in the INTS register. 


e Select 
e Transfer 


(3) Non-interrupt commands 
The following commands terminate with different timings depending on the SPC 


operation being executed. Check the termination status according to the status 
information in the SSTS register. 


Termination status (SSTS register) 


Bit 6 4 

INIT TARG SPC Bus Xfer in Prg. 
Tisterrae |g | a | « | a | 
Pawnee [» [|e |» |. 


*1: If a selected/reselected interrupt condition is detected immediately after 
termination of the Bus Release command, an interrupt occurs and either the 
INIT or TARG bit is set. 


4.3.4 Command Issuance Timing 


Issuance of a command requires a write to the SCMD register. SPC synchronizes a 
write to the SCMD register with a clock supplied from the CLK pin, and then starts 
executing the command specified at bits 7 to 5. Figure 4.3.6 shows the command 
execution timing. When issuing commands successively, leave an interval between them 
for more than the sync-loss period (four clock cycles) in SPC. 
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cs \ / 
A3 - AO "0010" 
D7 - D0, DBP ——————_—<__ > 


a nn 
pall Ms 


Synchronization 


QI 
- 
Aw 


Start of command 
execution 


(Command received) 


Fig. 4.3.6 Command execution timing 


4.4 TMOD REGISTER 


ea ee ce ez ee ioe 
Xfer ee 


4.4.1 Register Functions 


Bit 7: Synchronous Transfer 


1 .. Indicates that the DATA IN/OUT phase is executed in synchronous transfer mode. 
The COMMAND, STATUS, and MESSAGE IN/OUT phases are executed in asynchronous 
transfer mode disregarding the setting at this bit. 


0 .. Indicates that the DATA IN/OUT phase is executed in asynchronous transfer mode. 


Bits 6 to 4: Maximum Transfer Offset 


Bits 6 to 4 indicate a maximum value of the REQ/ACK offset to be used in synchronous 


Bit 5 Maximum offset value 


transfer mode. 


When SPC serves as a TARGET, it sends the REQ signal in advance within the specified 
maximum offset value. When SPC serves as an INITIATOR, it can receive the REQ signal 
and input data within the specified maximum offset value. If the maximum offset 
value is exceeded in reception of the REQ signal, an error condition is detected at 
bit O (Transfer Offset Error) of the SERR register. 


Bits 3 and 2: Transfer Period 


Bits 3 and 2 indicate a parameter for determining the minimum repeat cycle of the REQ 
and ACK signals in synchronous transfer mode. Specify a period between the trailing 
edge of the REQ (ACK) signal and the leading edge of the next REQ (ACK) signal in 
multiples of a clock signal cycle (Tc_F) supplying at the CLK pin of SPC. 

Figure 4.4.1 shows an example of transfer period setting. 

In synchronous transfer mode, the REQ (ACK) signa) pulse width (Typical) equals a 
cycle of the clock signal (Tc_F) supplied to the CLK pin. 


TCLF n x TCLF 


REQ (ACK) 


Setting examples; Maximum transfer speeds 


[aa] ae] «| Tar = es [Tear = es [Tar =e 
Ce fe [a swore [cers | scr 
Pe[s fee [es pen 
ae (spa ea 
ff eae fa 


Fig. 4.4.1 Transfer period setting 


4.4.2 Transfer Mode Setting Timing 


The TMOD register value determines the way the DATA IN/OUT phase is executed. 

When SPC serves as a TARGET, specify the DATA IN/OUT phase (C/D, MSG = 00) in the 
PCTL register. And, before issuing the Transfer command, be sure to complete TMOD 
register setting. When SPC acts as an INITIATOR, be sure to specify a correct value 
before the target initiates the DATA IN/OUT phase. A TARGET's phase changing time 
and the period from it until transmission of the first REQ signal are unpredictable; 
therefore, set the transfer mode with the following timing: 


(1) After completion of SELECTION phase 
a. Before issuing the Transfer command for execution of the COMMAND phase, or 
b. Before resetting the ACK signal for the last byte in the MESSAGE IN phase 


(before issuing the Reset ACK command) if a SYNCHRONOUS DATA TRANSFER REQUEST 
message is transmitted at the end of the command phase. 
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(2) After reselected interrupt 


a. Before issuing the Reset ACK command in the MESSAGE IN phase (IDENTIFY). 


4.5 PCTL REGISTER 


Interrupt Out Out Out 
Enable 


Bit 7: Bus Free Interrupt Enable 


With bit 7 set to 1, detection of the BUS FREE phase on the SCSI causes a discon- 
nected interrupt to occur. To prevent an undesired interrupt occurring, be sure 
to set bit 7 to O when: 


¢ Issuing the Select command, or 
e Resetting a ‘disconnected' interrupt. 


Bit 2: MSG Out 
Bit 1: C/D Out 
Bit 0: I/0 Out 


When SPC serves as a TARGET, specify the information transfer phase to be executed 
in SCSI. These bit values are sent to SCSI as MSG, C/D and I/O signals. 


When SPC acts as an INITIATOR, specify the pattern indicating the transfer phase to 
be executed. Before executing the transfer operation, the specified transfer phase 
pattern is compared with a bus phase actually requested by the TARGET. Then, if they 
match, the transfer operation is initiated. Table 4.5.1 shows how to set a transfer 
phase. Use bit 0 (1/0 Out) to specify the phase to be executed with the Select 
command. See 4.3.2 (2) - Select command for details. 
Table 4.5.1 Transfer phase setting 

Bit 2. |Bit 1 | Bit 0 ee 

MSG Out | C/D Out | 1/0 out | SCS! transfer phase 
a 
OE 
a 
a 
ee 
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4.6 DATA BUFFER REGISTER (DREG) 


Eves eee eee arse ee 
R nternal Data Register (8 Bytes FIFO 
Bit 7 6 5 4 3 2 1 0 


SPC's internal data buffer register consists of eight bytes and operates on the FIFO 
principle. When executing the Transfer command in program transfer mode, MPU trans- 
fers data using this register. Figure 4.6.1 shows the DREG access procedure to be 
taken in program transfer mode. A write to/read from this register is performed on 
the FIFO principle. Therefore, never repeat accessing more than the number of times 


required. 


‘Issue Transfer command 
(in program transfer 
mode) 


we 


ransfer started? 


Yes 
SSTS=(7X)16 or (BX)16 


No 


<Input operation? 


DREG EMPTY 


No (SSTS)g 
Read DREG 
Last Byte 


Yes 


- ransfer ended? 


Y 


Set DREG 
Last Byte 


es 


’ 


es 

SSTS=(45)i¢ or (85)16 
or 

(INTS)g='1' 


Fig. 4.6.1 DREG access procedure in program transfer mode 
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4.7 TEMP REGISTER 


Oca eee ee ee ee ee ee 
Temporary Data (Input: From SCSI ape 
Bit 7 6 5 4 3 2 1 0 
emporary Data (Output: To SCS 
Bit 7 6 5 4 3 2 1 0 


The TEMP register is used for controlling the SCSI data bus except when hardware 
transfer is executed. It consists of two bytes, each of which is dedicated 
exclusively to receiving/sending data. 


(1) Data receiving element (read only) 


a. When a SELECTION/RESELECTION phase is detected in SCSI, the contents on the 
SCSI data bus are saved in the TEMP register. If a selected/reselected 
interrupt occurs, a bus device can be identified by the TEMP register 
contents. 


b. For a manual transfer input operation, the contents on the SCSI data 
bus are saved in the timing sequence shown in Figure 4.7.1 


(In SPC serving (In SPC serving 
as a TARGET) as an INITIATOR) 
Data Bus Se 
REQ 
ACK 


Sampling period 
TEMP aaa 


Fir. 4.7.1 Data bus save in manual transfer input operation 


(2) Data sending element (write only) 


1) Before issuing the Select command, set the contents to be sent to the SCSI 
data bus in the SELECTION/RESELECTION phase. 


2) For a manual transfer output operation, set the data to be sent out. 
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4.8 TRANSFER BYTE COUNTER (TCH, TCM, TCL) 


20S Ee 


P2ee es ee 
R/W TCH: ransfer Counter (MSB 
Bit 23 oe. 21 20 19 18 17 16 


CM: Transfer Counter (2nd Byte 
Bit 15 14 13 12 11 10 9 


e |p 
CL: ransfer Counter (LSB 
Bit 7 6 5 4 3 2 1 0 


The transfer byte counter consists of three bytes and functions as a down counter. 

In execution of a hardware transfer operation, it is decreased by one each time one 
byte of data is transferred over SCSI. It indicates the remaining byte count of data 
to be transferred. In the Select command execution, this counter operates as a 
response waiting time supervisory timer and sequence control counter. See 4.3.2 (2) 
- Select command and (5) - Transfer command for transfer byte counter initialization. 
While the transfer byte counter is operating, do not carry out a read/write. 


4.9 PSNS REGISTER 


PPE EPP |. 
fae |e ae sex [as [ns fo ow 


When bit 5 (Diagnostic Mode) of the SCTL register is set to 0, the PSNS register 
indicates the control] signal status on SCSI (input signals to SPC). 


~ SPC input pins —- 


Bit 7 REQ REQI 
6 ACK ACKI 
5 ATN ATNI 
4 SEL SELI 
3 BSY BSYI 
2 MSG MSGI 
1 C/D C/DI 
0 1/0 1/01 


When bit 5 (diagnostic Mode) of the SCTL register is set to 1, the PSNS register 
indicates the status of control signals sent from SPC to SCSI. In the SCSI pseudo 
operation using the SDGC register, the PSNS register can be used to check the SCSI 
contro] signal status. A read from this register is allowed at any time regardless 
of the SPC condition. Bit 5 (ATN) of this register indicates the ATN signal status 
on SCSI: 
When SPC serves as a TARGET, receipt of the ATN signal is indicated in this register 
but does not have any effect on other operations. The MPU program examines the ATN 
signal status at the following times in sequence and responds to the ATTENTION con- 
dition from SCSI: 
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(1) When a selected interrupt occurs 

(2) When the RESELECTION phase has completed 

(3) When the Transfer command has been completed 
(4) During execution of the Transfer command 


When the ATN signal is detected, the Transfer Pause command can halt the transfer 
operation for transition to the MESSAGE OUT phase. 


(5) During execution of manual transfer 


4.10 SSTS REGISTER 


aes ne 


Pe] # | 3 
Connected ; SPC | Xfer in| SCS 
INIT | TARG | Busy | Progress} Reset in 


4.10.1 Register Functions 


The SSTS register indicates the SPC internal status, which can be read out at any 
time. 


Bit 7 and 6: Connected (INIT, TARG 
These bits indicate the Connecting status between the SPC and SCSI. 
are TAT Bit 6: TARG State 


ee 
Not connected with SCSI. 
ae a 
e During execution af the RESELECTION phase’ and at 
its completion. 


During execution of the SELECTION phase and 
after its completion. 
After a reselected interrupt 
rt After a selected interrupt 
= eae ee ee Undefined 
Bit 5: SPC Busy 


serves as a 
Bit 5 indicates that a command is being executed or is waiting to be executed. 


Bit 4: Transfer in Progress 


Bit 4 indicates that a hardware transfer operation is being executed or the 
SCSI is requesting information transfer phase. 


Bit 3: SCSI Reset In 

Bit 3 indicates the RST signal status on SCSI (input signal to the RSTI pin of 
SPC). 

Bit 2: TC = 0 (Transfer Counter Zero 

Bit 2 indicates that the transfer byte counter (TCH, TCM, TCL) has reached 0. 
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Bits 1 and 0: DREG Status (Full, Empty 


These bits indicate the status of the internal data buffer register. When executing 
a hardware transfer operation in program transfer mode, determine the data buffer 
register access timing by using these bit values. 


PO Holds 1 to / bytes of data, 
a 
poids 8 bytes of data, leaving no free space. | 


4.10.2 SPC Status 


SPC status is represented by combinations of status bits 7 to 4 of this 
register. Table 4.10.1 lists the combinations of these bits and SPC status. 


Table 4.10.1 SPC operating status indications 


SSTS register 


Bit 7: | Bit 6: | Bit 5: | Bit 4: 
INIT TARG SPC Xfer in SPC operating status 
Bus: Progress 


SPC is not connected with SCSI. SPC does 
not hold a command waiting to be execution. 


SPC is not connected with SCSI. But SPC 
holds the Select command, which is waiting 
for BUS FREE phase. Or it is executing 
ARBITRATION phase. 


SPC serves as a TARGET. No operation is 


being executed in SCSI, or manual transfer 
executed. 


et SPC is executing RESELECTION phase on SCSI. 


SPC serves as a TARGET. Hardware transfer 


operation (Transfer command) is being 
executed. 


SPC serves as an INITIATOR. No operation is 
being executed in SCSI, or manual transfer 
is being executed. 


SPC serves as an INITIATOR. Although SPC 
has received a REQ signal from SCSI, it is 
not ready to start transfer operation 
because no Transfer command has been issued 
or transfer phase does not match. 


SPC is executing the SELECTION phase on 
SCSI. 


SPC serves as an INITIATOR. Hardware 
transfer operation (Transfer command) is 
executed. 


4.11 INTS REGISTER 


Reset Interrupt 


R | Sele- fede ae om on Gea ae ae 
cted | cted Connected | Complete | Required | Out | Hardware | Condi- 
Error tion 


4.11.1 Register Functions 


The INTS register is used to indicate the cause of an interrupt and reset it. 

An interrupt issued by SPC (INTR pin) can be masked by bit 0 (INT Enable) of the SCTL 
register (except an interrupt whose cause is indicated at bit 0 [RESET condition]). 
To clear an interrupt, set 1 at the corresponding bit position in this register. 

Note that only the interrupt condition specified by 1 is reset. . The bit positions 
having Os remain unchanged (corresponding interrupt conditions are maintained). 

In this register, two or more interrupts may be reset at the same time. 


4.11.2 Interrupt Processing 


(1) Selected interrupt (Bit 7) 
Bit 7 indicates that SELECTION phase in SCSI has resulted in SPC being selected 
from another bus device (INITIATOR). When the SELECTION phase is detected, SPC 
checks the contents of the SCSI data bus. If the following conditions are 
satisfied, SPC executes a response sequence on SCSI, then generate a selected 
interrupt. 


a. The ID specified in the BDID register is selected. 
b. There or more bits not including the parity bit are not set to 1. 
c. When the parity checking is enabled, a parity bit value is correct. 


In the SELECTION phase, the TEMP register holds the value of SCSI data bus. 

SPC serves as a TARGET from when this interrupt occurs until when the Bus Release 
command is issued or the RESET condition is detected in SCSI. During this period, 
SPC asserts BSY signal to SCSI. Before issuing the Bus Release command, be sure 
to reset the cause of this interrupt. 


(2 


wy 


Reselected interrupt (Bit 6) 


Bit 6 indicates that RESELECTION phase in SCSI has resulted in SPC being 
reselected from another bus device (TARGET). When the RESELECTION phase is 
detected, SPC checks the contents of the SCSI data bus. If the following 
conditions are satisfied, SPC executes a response sequence on SCSI, then generate 
a reselected interrupt. 


a. The ID specified in the BDID register is selected. 
b. Only two bits not including the parity bit are set to 1. 
c. When the parity checking is enabled, a parity bit value is correct. 


In the RESELECTION phase, the TEMP register holds the value of the SCSI data bus. 
SPC serves as an INITIATOR from when this interrupt occurs until when the 
disconnected interrupt occurs or the RESET condition is detected in SCSI. 

Before starting the transfer operation in SCSI, be sure to reset the cause of 
this interrupt. If the disconnected interrupt is indicated together with the 
reselected interrupt, reset both of these interrupts simultaneously. 
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(3) Disconnected interrupt (Bit 5) 


Bit 5 indicates that the BUS FREE phase has been detected in SCSI when bit 7 

(Bus Free Interrupt Enable) the PCTL register is set to 1. Also, when SPC 
serves as on INITIATOR, bit 5 indicates transition to the BUS FREE phase in SCSI. 
After this interrupt .condition has occurred, the next SELECTION/RESELECTION 
phase may be executed in SCSI. But, SPC does not respond to SCSI until this 
interrupt condition is reset. If the disconnected interrupt condition is 
detected during hardware transfer (Transfer command) execution with SPC serving 
as an INITIATOR, the SCSI operation stops but the SPC internal transfer sequence 
continues until one of the following events is encountered: 


a. The internal data buffer register becomes empty in an input operation. 


b. The data prefetch sequence to the internal data buffer register is completed 
in an output operation. 


When a disconnected interrupt occurs, check the SSTS register to confirm if the 
transfer operation has been completed. 


(4) Command complete interrupt (Bit 4) 


Bit 4 indicates that the Select command/Transfer command operation has been 
completed. 


a. Completion of Select command 
This interrupt indicates that SPC has acknowledged a response (BSY signal) 
from the selected bus device in SELECTION/RESELECTION phase execution. 
It indicates that the SELECTION/RESELECTION phase has completed in SCSI. 
SPC serves as an INITIATOR after the SELECTION phase has been executed, and it 
serves as a TARGET after the RESELECTION phase has been executed. 


b. Completion of Transfer command (when SPC serves as a TARGET) 
This interrupt indicates that the transferring data of the byte count | 
specified in the transfer byte counter has been completed. Or, in an input 
operation with bit 0 (Termination Mode) of the SCMD register set to 1, this 
interrupt indicates the stop of transfer due to parity error is detected in 
the data received from SCSI. In either case, this interrupt occurs after 
checking that the ACK signal for the REQ signal of the last byte is inactive 
on SCSI at asynchronous mode transfer. Or, this interrupt occurs after 
checking that the number of ACK signals received matches the number of REQ 
Signals transmitted at synchronous mode transfer. 


c. Completion of Transfer command (when SPC serves as an INITIATOR) 
When padding mode transfer is not specified, this interrupt indicates that 
the transferring data of the byte count specified in the transfer byte counter 
has been completed. When padding mode transfer is performed, this interrupt 
indicates that the current transfer operation has been terminated due to 
another transfer phase is requested in SCSI. In this case, the service 
required interrupt occurs at the same time. In the MESSAGE IN phase, 
this interrupt occurs while the ACK signal to the jast byte is held active. 
Before resetting this interrupt, be sure to issue the Reset ACK/REQ command. 


(5) Service required interrupt (Bit 3) 
This interrupt occurs if the SPC serving as an INITIATOR is put in either of the 


following conditions. It indicates a request for MPU program intervention. 
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a. SPC has received the Transfer command, but cannot start the transfer operation 
because the transfer phase specified by bits 2 to 0 of the PCTL register does 
not match that requested in SCSI. 


b. SPC has stopped the current hardware transfer operation (Transfer command) 
because of a request for another transfer phase in SCSI. In this case, the 
transfer operation in SCSI stops immediately, but the SPC internal transfer 
sequence continues until one of the following events is encountered: 


- Input operation 
The internal data buffer register becomes empty. 


~ Output operation 
The data prefetch sequence to the internal data buffer register is completed. 


Therefore, when this interrupt occurs, read out the SSTS register and check if 
the SPC internal transfer operation is completed. If the service required 
interrupt occurs during an output operation, the data prefetched in the SPC 
internal data buffer register may remain (not be sent to SCSI). For how to 
handle the remaining data (up to eight bytes), see the interrupt processing 
procedure described below. When the service required interrupt occurs, the MPU 
program examines a transfer phase request from SCSI and proceeds to execute the 
transfer operation using one of the following procedures. Figures 4.11.1 and 
4.11.2 show examples of interrupt processing procedure. 


a. Hardware transfer 
The MPU program specifies the transfer phase pattern requested by SCSI as 
bit 2 to 0 of the PCTL register, and reissues the Transfer command. 


b. Manual transfer 
If this interrupt occurs during an output operation, the remaining data in the 
SPC internal data buffer register may have to be preserved. In this case, 
with bit 3 (Intercept Transfer) of the SCMD register set to 1, perform manual 
transfer and interrupt resetting. When the interrupted original transfer 
phase (output) is requested again after manual transfer by the above 
processing procedure, the suspended transfer operation can be restarted using 
the remaining data held in the data buffer register. 
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In output operation 


REQ —> Service required 
ACK <— interrupt 
REQ ——> x 


(Phase transmition) 
oe 


ransfer ended? 


@ Yes SSTS=1001xxxx 


No 


Output Yes 


or new phase 


N Bytes 
Reset interrupt 


Reset interrupt 
without 
specifying 
‘Intercept Xfer' 


| 'Intercept_Xfer 


Reset interrupt 
without 
specifying 
‘Intercept Xfer' 


4 


Transfer 
started? 


Transfer 
Yes C1) command 
SSTS=1011xxxx | N Bytes | 
REQe+ 
ACK» 


*1. An interrupt needs not always be reset. The interrupt is reset automatically 
when the Transfer command starts hardware transfer. 


*2. If the interrupt is reset, the data prefetched in the internal data buffer 
register before a change of phase is detected is lost. 
Fig. 4.11.1 Service required interrupt processing procedure (1) 
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In_input operation 


REQ—> 
ACK <— 
REQ— X 


Service 
required 
interrupt 


Hardware 
transfer ended? 


Yes SSTS=1001xxxx 


Reset interrupt 


without ereeerey oes! eee Re areen rein! eg 

specifying T Reset interrupt | "Reset interrupt | 

‘Intercept Xfer' i by specifying | | without | 
| ‘Intercept Xfer') | specifying | 


7 MeSreSpE ber 


*1: An interrupt need not always be reset. The interrupt (service required) 
jis reset automatically when the Transfer command starts hardware transfer. 


Fig. 4.11.2 Service required interrupt processing procedure (2) 


ek oe 


(6) Time-out interrupt (Bit 2) 


This interrupt indicates that the selected bus device has not responded within 
the predetermined supervisory time after SPC initiates the SELECTION/RESELECTION 
phase. See 4.3.2 (2) - Select command for details of the supervisory time 
setting procedure and the interrupt processing procedure. 


(7) SPC hardware error interrupt (Bit 1) 


This interrupt indicates that SPC has detected one of the following error 
indications in the SERR register: 


~ TC parity error 

~ Phase error 

- Short transfer period 
- Transfer offset error 


See 4.12 - SERR register for details of these errors. When this interrupt 
occurs, SPC does not stop the operation being executed (for any error cause). 
Since the normal operational sequence and end report cannot always be 
guaranteed in this case, the MPU program must be used for SPC control and bus 
phase control of SSCI. 

Figures 4.11.3 to 4.11.5 show examples of error control processing. 


In execution of ARBITRAIION/SELECTION/R [ION phase 


(Example 1) / SPC ) (Example 2) SPC ) 
r 


Hard. Error Hard. Erro 


Yes Command 
Yes Comp 
No 
Yes 
No 
MSG In ATN Cond. “1 


'Identify'} |X'60' > SCMD} | MPU ~~ No 
St ime-out?~ 


‘ a 


‘4! > 
SCTL.Bit 7 
(Reset & Dis.) 


Yes 


cso 


message) Forced 
termination | 


i 1! i 
SCTL.Bit 7 
(Reset & Dis) 


(Bus Free) 
*1: Normal SPC time-out supervision cannot always be guaranteed. Be sure to 
perform time supervision using the MPU program. 
Fig. 4.11.3 Example of control processing for SPC-detected error (1) 
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In execution of manual transfer 


SPC 
Hard Error 


Yes 
ty) 


N 


ATN Cond. On 
X'60'+ SCMD 


off ae 
| Reset_REQ | 


Reset ACK . <i> On 
Yes 


Yes 
No 


Yes 


No Status ABORT Reset 
received message 
Bus 
! 


Error 
recovery 


processing 


Fig. 4.11.4 Example of control processing for SPC-detected error (2) 
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In execution of hardware transfer 


SPC 
Hard Error 


<et> Yes 
No 


nhs 
SCTL.Bit 6 
Set ATN 


Yes On 
Command 
Comp. 


Service 
REQ Yes 


On 
Bus Dev: 
Reset 
Yes 
No 
| #1 
Yes *1 *} | 3 


Status ABORT 
received message 


SCTL.Bit 6 


*1: Execute by manual transfer. 
Error 

recovery 

processing 


Fig. 4.11.5 Example of control processing for SPC-detected error (3) 
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(8) Reset condition interrupt (Bit 0) 


This interrupt indicates that the RESET condition has been detected in SCSI. 

Note that this interrupt cannot be masked. The reset condition persists for an 
unpredictable period of time. After making sure that bit 3 (Reset In) of the 
SSTS register becomes to 0, MPU must reset this interrupt condition. The reset 
condition interrupt may occur regardless of whether SPC is connected with SCSI or 
not. When SPC is connected with SCSI, occurrence of this interrupt causes SPC to 
immediately deactivate a signal being sent to SCSI. Then SPC proceeds to the BUS 
FREE phase. When SPC is executing a command, occurrence of this interrupt causes 
SPC to terminate its operation and reset its internal state. However, the 
following internal registers hold the control information unchanged: 


- BDID register 
- SCMD register 
- PCTL register 
~ SCTL register 
~ TMOD register 
- Transfer byte counter 


Until this interrupt is reset, the SPC internal reset state is maintained even if 
the RESET condition is released in SCSI. Therefore, SPC does not respond even 
when a new bus phase (e.g. SELECTION) is executed in SCSI. 


4.12 SERR REGISTER 


ez peed eee bes 
SCSI SPC Parity | Error eee Offset 
Error Period | Error 


4.12.1 Register Functions 


The SERR register provides details of an error detected in SPC. An SPC hardware 
error interrupt occurs if an error is indicated at any of bits 3 to 0. 


Bits 7 and 6: Data Error 


These bits indicate that a parity error has been detected in the transferred data 
during transfer phase execution in SCSI. Table 4.12.1 lists the data error indica- 
tion bit patterns and the relevant SPC operations. When changing the transfer phase 
in SCSI, these error indication bits must be reset. 
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Table 4.12.1 Data error indication bit patterns in transfer phase 


| Bit 7} Bit 6 | 


Ree ceed ere SPC operations 


Een No parity error was detected in the transferred data. 


During execution of an output operation in hardware transfer 
mode, a parity error was detected in the data to be sent to SCSI. 
The parity is checked regardless of the value of bit 3 (Parity 
Enable) of the SCTL register. The erroneous data (parity bit 


is corrected and then sent to SCSI. 
A parity error was detected in the data received from SCSI during 


an input operation. The parity is checked only when bit 3 
(Parity Enable) of the SCTL register is set to 1. After an error 
is detected, the parity bit is corrected. If the SPC serving as 
an INITIATOR detects.this error during hardware transfer 
execution, it generates an ATN signal to SCSI. (See Figure 4.3.2) 
In this case, the MPU program must reset this error condition 
before the ATN signal is reset. If the SPC serving as a TARGET 
detects this error during hardware transfer execution, it follows 
the specification at bit 0 (Termination Mode) of the SCMD 

i See 4.3 - SCMD register for detailed. 


Bit 3: TC Parity Error 


Bit 3 indicates that a parity error occurred while the transfer byte counter 
(TCH, TCM, TCL) was being decreased. 


Bit 2: Phase Error 

When SPC serves as an INITIATOR, the transfer phase has been changed in SCSI during 

hardware transfer mode operation (service required interrupt occurs). In this case, 

bit 2 indicates that: 

(1) The new phase is a synchronous transfer mode DATA IN phase. 

(2) The REQ signal has been received two or more times before the MPU program 
complete an interrupt processing and issue the Transfer command for the new 
phase. In this case, SPC cannot receive data and return the ACK signal normally. 

Bit 1: Short Transfer Period 

Bit 1 indicates that the REQ/ACK signal (input signal to REQI/ACKI pin) has a cycle 

exceeding the specified input range. (See Figure 4.12.1.) If this error occurs, 


the transfer sequence executed by SPC is not guaranteed. 


Min 


Torr I 


REQ or ACK signal 
(REQI or ACKI pin) MIN 
TeLF x 3 


TeLF: A cycle of the clock signal supplied to SPC. 


Fig. 4.12.1 Specified input cycle of REQ/ACK signal 
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Bit 0: Transfer Offset Error 


Bit 0 indicates that one of the following errors has been detected during 
synchronous mode transfer. The offset value referred to below denotes the REQ 
ACK maximum offset value specified in the TMOD register. 


(1) When SPC serves as a TARGET: 


¢ The number of ACK signals received exceeds that of REQ signals transmitted. 
* The number of REQ signals transmitted exceeds the offset value (SPC 
malfunction). 


(2) When SPC serves as an INITIATOR: 
¢ The number of REQ signals received exceeds the offset value. 
e¢ The number of ACK signals transmitted exceeds that of REQ signals received 
(SPC malfunction). 


If this error occurs, the transfer sequence executed by SPC is not guaranteed. 


4.12.2 Error Reset 
To reset an error indication in the SERR register, do one of the following: 


(1) Generate SCSI RESET condition (X'10' -+ SCMD) 

(2) Reset & disable (Bit 7 of SCTL register) 

(3) Control reset (Bit 6 of SCTL register) 

(4) Interrupt (SPC hardware error) reset (X'02' —> INTS) 
Bits 7 and 6 (Data Error) of this register do not cause an interrupt, but 
can be reset by this means. 


4.13 MBC REGISTER 


a ee ee 
f2 Sie See et 


Bit 3 2 1 0 


The MBC register controls the data count during transfer between the SPC internal 
data buffer register and the MPU (program transfer mode) or external buffer memory 
(DMA mode). When data is written into the TCL register, its four low-order bits are 
set as an initial value for MBC register. In an output operation, data is 
prefetched into the SPC internal data buffer register. Each time one byte is 
prefetched, the MBC register is decreased by one. Data prefetch stops when the 
transfer byte counter is decreased below 15 and the MBC register reaches 0. 

In an input operation, data received from SCSI is stored in the internal data buffer 
register. Each time data is sent to the MPU or external buffer memory, the MBC 
register is decreased. The difference between the transfer byte counter and the 

MBC register corresponds to the byte count of data remaining in the internal data 
buffer register. While SPC is executing a DMA mode transfer operation, this register 
must not be read out. 
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4.14 EXTERNAL BUFFER REGISTER (EXBF) 


ee eo ee eee ee ee ey 
2 1 0 


R xternal Buffer 
Bit 7 6 5 4 3 


This register's address is reserved for access from the MPU data bus (D7 to DO, DP) 
to the-DMA data bus (HDB7 to HDBO, HDBP) (not exist as an internal register in SPC). 
As shown in Fig. 4.14.1, the MPU program can execute a write/read to/from the 
external buffer memory by using this virtual register. 


ay | 
| me | 
ee 
Ts | 


Access 
timing 

contro] 
circuit 


External 
buffer 
memory 


HDB7 - 0, HDBP 


Fig. 4.14.1 Access-from MPU to external buffer memory 


4.15 SDGC REGISTER 


oe 2 fe ee ey ee ee 
|" Leg? Lace? | = | = [asr® [use® Leo’ ro’ | — | 
REQ ACK BSY MSG C/D 1/0 

The SDGC register is used to operate SPC in diagnostic mode (with bit 5 [Diag 
Mode] of the SCTL register set to 1). To simulate the SCSI operation, the SDGC 
register bits are used as having alternative SCSI control signal lines. 

In diagnostic mode, the SDGC register is used to check SPC internal operation. 
The diagnostic mode stops signaling to SCSI and nullifies input signals from SCSI 
except the data bus signals. The SPC internal operation can be performed in the 


ordinary manner. To check SPC internal operation, the MPU can manipulate the SDGC 
register's bits to generate input signals from SCSI. 
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The following bus phases can be simulated: 


1) BUS FREE 

2) ARBITRATION (Always win) 

3) SELECTION (For INITIATE operation) 

4) RESELECTION (For TARGET operation) 

5) Information transfer (Input data manipulation not allowed in an input 
operation) 


4.16 INITIALIZATION 


SPC is in the reset state when the input to RST pin is low (hardware reset) or bit 7 
(Reset & Disable) of the SCTL register is set to 1. SPC-SCSI operation is disabled 
until the SPC reset state is released. The MPU program shall release the reset state 
after initializing. the SPC internal registers. The following SPC internal registers 
remain unchanged even in the SPC reset state: 


BDID register 

TMOD register 

Transfer byte counter 

SCMD register 

PCTL register 

TEMP register (for sending) 


eee ee @® 


At the moment power is turned on, the contents of these internal registers are 
unpredictable even though hardware reset (RST input = low) is executed. After 
input is released, the MPU program shall initialize SPC as shown in Figure 4.16.1. 
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Power uP ) 


(SPC state after RST onput is released) 


BDID = XX 
STTL = 80 
‘Bus Device LD' SCMD = XX 
+ BDID TMOD = XX 
PCTL = XX 
PSNS = XX 
DREG = XX 
TCH = XX 
(Initialization of TCM = XX 
internal register) TCL = XX 
X'00 + SCMD INTS = 00 
TMOD SSTS = 0X 
PCTL SERR = 00 
TCH TEMP = XX 
TCM MBC = OX 
TCL SDGC = XX 

TEMP 


SDRG 


(SCSI operation 
mode setting) 
"LOOXXXXX' 
> SCTL 


(Release reset 
state) 
'O' + SCTL Bit 7 


Fig. 4.16.1 SPC initialization (at power-on) 
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CHAPTER 5 
EXAMPLES OF EXTERNAL CIRCUIT CONNECTIONS 


Figure 5.1.1 shows the external circuit blocks that can be connected with this LSI 
circuit. The external circuit configuration depends on the application environment, 
purpose of use and performance required of this LSI. Examples of application of this 
LSI circuit are given below. 


SPC R 
|) ace | RST MPU 
SDBO7 - 0, P a (8085, 
| =_eseceeenee 2086, 
8088) 
ay ae 
SELI fas 
RD, RO 
: : DV/RV ar 
are 
.REQO | | 
DREQ DMA 
Control 
Momery 
RSTI 
Vbp 
. Vss 


Fig. 5.1.1 Examples of external circuit connections 
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5.1 SCSI DRIVER/RECEIVER CIRCUITS 


5.1.1 Single Ended Type 


Figure 5.1.2 shows a example of the connection of the SPC and the SCSI single ended 
type driver/receiver circuit. Table 5.1.1 lists the major components of this SCSI 
driver/receiver circuit. 


Table 5.1.1 Major components of single ended type SCSI driver/receiver circuit 
(example) 


cireuite/DIP 160 
driver 2 circuits/DIP 14 
Q/ACK signal i its/DIP 16 
ee note 3902 42% 1/4 W 
Resistor 2002 +2% 1/4 W 1 


O.1nF/50 V Ceramic 1 


ee ee pee a 
driver circuit 4 circuits/DIP 14 
receivers || rr |B etneutessorreg | 
receiver 8 as ATs a 


(Required only when (Signal) a Q 
the driver/receiver 
is located at 330 Q 
either end of SCSI) 


* Note : The MB412 is compatible with the SN7519. 
The MB413 is compatible with the Am26LS32. 
The MB463 is compatible with the SN7438. 
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SDBI7 to 0, P 


SPC 


SDBO7 to 0, P 


|__ SDBO DB7 E LTN 
ae —> 463 p 


wn 
j=] 
wo 
OQ 
a] 

> 

io) 

w 

° 


7} 463 p DBP 
o— 3 [ 
oT BN —_—a ene ened 
t_ATNI ieee aS et 
T_RSTI _| 


1) 
‘ e 
}BSYO —- -——] 463 
{1/00 | 
{_ANTO 
(a | 463 p 


POW READY *1 


Fig. 5.1.2 Example of single ended type SCSI driver/receiver circuit 
(continued on next sheet) 
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R2=C1 


R1: 390242% 
R2: 200242% 
C1: O.1pF 


POW READY *1 


*1: It is recommended to protect against noise generated at power on/off. 


Fig. 5.1.2 Example of single ended type SCSI driver/receiver circuit 
(continued) 
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5.1.2 Differential Type 


Figure 5.1.3 shows a example of the connection of the SPC and the SCSI differential 
type driver/receiver circuit. Table 5.1.2 lists the major components of this SCSI 


driver/receiver. 


Table 5.1.2 Major components of differential type SCSI driver/receiver 
circuit (example) 


Component Part No. | Manufacturer | Characteristics Q'ty 
Driver/receiver N/5176 Dif erentia transceiver 18 
Signals 
Terminator 
(Required only when 3308 sie: 
the driver/receiver (Positive signal ments 
is located at either 1502 
end of SCSI) (Negative signal) 

3302 
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SDBO7 - 0, P 


as DB7(+ 
SDBO7 ee mal ) 
a Eee 
Pe ! 8 aj 
1 SDBOP 
YSDBI7 | 
: Sree eee 
el 
| 
4 DBP(+ 
4 SDBIP -. > TT pee) | 
Seema 
SDB17—-0,P 
SDBE7 — 0,P 


psec 
he Anton SEMIS). | 
ee 


‘ wn 
=] 
o 
m 


RST(+) 


age 


i LTN 


Fig. 5.1.3 Example of differential type SCSI driver/receiver circuit 
(continued on next sheet) 
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SPC 
| REQI 


| ACKI 


REQO 


ACKO 


) 


Fig. 5.1.3 Example of differential type SCSI driver/receiver circuit 
(cont inued) 
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5.2 EXTERNAL DATA BUFFER 


To provide a buffer area for high-speed data transfer or a temporary storage for data 
to be transferred, the external data buffer memory can be connected to SPC as shown 
in Figure 5.1.1. In this case, a buffer control circuit is required to control the 
timing of data transfer between SPC and external buffer memory. To execute the 
transfer phase on SCSI, specify DMA transfer mode for SPC. SPC accesses the external 
buffer memory with the timing sequences shown in Figures 5.2.1 and 5.2.2. Data is 
transferred via the DMA data bus lines (HDB7 to HDBO, HDBP). The transfer direction 
must be specified externally using the HIN signal. When requesting access to the 
external buffer memory, SPC makes the DREQ signal active. In an input operation, the 
DREQ signal is sent out when the SPC internal data buffer register (8 bytes) holds 
data received from SCSI. In an output operation, the DREQ signal is sent out when 
data corresponding to the byte count specified in the transfer byte counter is not 
all prefetched, and when the internal data buffer register has free byte locations 
available. The external buffer control circuit must return the DRESP signal in 
response to the DREQ signal on completion of transferring each byte. DRESP is 

a pulse signal whose trailing edge is used to indicate the end of transfer. 

The DREQ signal is held active as long as the above conditions exist in SPC (this 
signal is not a transfer request signal for each byte). The access interface signals 
(DREQ, DRESP, HIN, HDB7 to HDBO, HDBP) to the external buffer memory are asynchronous 
with an SPC clock signal supplied to the CLK pin. 


(1) HIN signal puts the DMA data bus (HDB7 to 0, P) in an output mode. However, the 
value on the DMA data bus is unpredictable until data is loaded into the SPC 
internal data buffer register from SCSI. 

(2) After receiving data from SCSI, SPC issues the DREQ signal (transfer request) 
to the external buffer memory. At this time, valid data is placed on the DMA 
data bus. 

(3) Data on the DMA data bus is held until the trailing edge of the DRESP signal. 

(4) After the DRESP signal is received, valid data is unloaded from the SPC internal 


data buffer register. Then, the DREQ signal becomes inactive to stop transfer 
with the external buffer memory until the next data becomes available. 


HIN eee: 6) 
IhT - Un ~- Ua _ 
HDB7 to 0,P DATA] DATA2 DATA3 dictable 


Fig. 5.2.1 Transfer with external data buffer (input operation) 
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(1) As long as the HIN signal is low, the DMA data bus (HDB7 to 0, P) is in an input 
mode. 


(2) A transfer request (DREQ) signal is issued when the SPC internal data buffer 
register has free byte locations available for prefetching data. 


(3) The external buffer control circuit puts data onto the DMA data bus and also 
sends the DRESP signal in response. On the trailing edge of the DRESP signal, 
SPC loads data from the DMA bus into the internal data buffer register. 

(4) When no free location is available in the SPC internal data buffer register, the 


DREQ signal becomes inactive. Then, transfer from the external buffer memory is 
stopped until the next data prefetch becomes available. 


® DATAI DATA2 DATA3 DATA4 
HDB? to 0,P 


Fig. 5.2.2 Transfer to external data buffer (output operation) 
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CHAPTER 6 
AC CHARACTERISTICS 


In this chapter, the input/output signal timing is specified, under the 
following conditions: 


(1) Operating temperature 
Ta = 0 to 70 °C 
(2) Power supply voltage 
Vop = 4.75 to 5.25 V 
(3) Input/output condition 
The input/output condition in section 1.3 "Electrical Specifications" 
should be satisfied. 
(4) Timing measurement 


To be specified at the input/output pins of this LSI circuit. 
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6.1 MPU INTERFACE 


6.1.1 Clock Signal 


[somber [Parenter [wn [re [mar [tnt | 
jf teuF | chock cyete | tes || a0 | 
SE ee Ee ee ee ee 
| tCLCH | Clock Pulse Width (Low) | 40 | | | | 


6.1.2 Reset Signal 


= 


: 
RST r pun 


6.1.3 Write Cycle 


(1) Registers other than EXBF 


[sitet | ereer [| wa | 
eng [Mires se ps | | 
eam [Mires mis is | | 
Teo [ese ip | | 
sow [me ids | 
Fens [one sew f= | | | = 
[tow [oteow tne if @ | | 
cor [Reve | | | fs 
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(2) EXBF register 


Ea 
Pine aie se ff 
Pe [aimee 
ose | 
Pavesi 
Peo tem [af 
owe Hare BeBe [ae 
mise Grerel » | |= t= 


D7 - DO, DP 


HDB7 - HDBO, HDBP 
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6.1.4 Read Cycle 


(1) Registers other than EXBF 


Nes Se Cel > [e 
hess ea 


ters | CS Setup (RD) 


aug | o> ow ome | oe | | | 
Pau [iw = owen | | | | 
Sr 


A3 - AO 


D7 - DO, DP 
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(2) EXBF register 


Ss 
cg 
Pome [rare ed 
Pease [sm «dP 
rene [ee S| 
eo 
ee 


typp DMA Data Bus (HDB7 to 0, P) 
to MPU Data Bus (D7 to 0, P) 


HIN aan 
A3 - AO 

TARSE TARHE 
ts 


= ines 
RDG 


HDB7 - HDBO, HDBP 


D7 - DO, DP 


- 66 - 


6.1.5 Interrupt 


aa a 
CIRWL INTR + WT 


twHtR | WI High + INTR Low teLr + <—_ oben + = 
(Interrupt Reset) 


twRCY Interrupt Reset Cycle time ~ 4tcir 


tcLF : See 6.1.1 


*1 =: When interrupt reset is continued. 
tcLF 

= Ve eT ey OT 
TCHIR 

st 
INTR 
TIRWL tWHIR 
WT 
tWRCY 


6.2 DMA INTERFACE 


6.2.1 Access Timing 


[oe [et in = weer [ear [|| 
[a [weer wig eer || | | 
[oi [oe w= we wie [= || | 
ae [wer risewen | | | |» 
wer [esr ecto Tie | arf || 
au [sr ete Te @ | arf || 


tcLF : See 6.1.1 
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6.2.2 Input Operation 


(SPC to External data buffer) 


oo 
: Noepie adi aes 
HINZ 10 

torpv | BREQ High + Data Establish a ee ae 
trppv | DRESP Low + Data Change See ih Oe Ons | 


DREQ 
_torpv 
DRESP 
HIN 
tRPDV 
HDB7 - HDBO, HDBP Unpredictable DATAI DATA2 
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6.2.3 Output Operation 


(External data buffer to SPC) 


= 
tytHz | HIN Low + HDB7 to 0,P High Z See 


THDBH Data Bus Hoid 
| tDLRP | DREQ Low + DRESP = poe rees Stoic | ns 


tctf : See 6.1.1 


DREQ 


DRESP 


HIN 
THIHZ CHDBS **tHDBH 
HDB7 - 0, P ) ( DATA 1 ) 


*1 In the following cases, the DREQ signal becomes inactive asynchronously 
with the DRESP signal to stop refetching data during an output 
operation: 


- When the Transfer Pause command is issued in the SPC serving as a 
TARGET 


~ When the Transfer Phase is changed in the SPC serving as an INITIATOR 


In these cases, the last DRESP signal response must not exceed tpi pp. 
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6.3 SCSI INTERFACE 
6.3.1 SELECTION Phase 


(1) INITIATOR (With arbitration) 


a A 
Cargo | BSYI Low > BSYO cei, én) x 

(Start of arbitration) eS +5 sae + “65 
tBHID | BSYO High + ID Bit High 

Bit) > Prioritize | TS | 
tAIDV Bit) + Prioritize 

MO spot oe ne 

Bit) + Prioritize 
t Bus Usage Permission Granted oe | ons. | 
AWSO | + SELO High : 
tsorD | SELO High + Data Bus (ID) Send | litg rf - 30 Pf dots | 
tsort | SELO High + INIT High llteif - 50 Ff dos | 
tips. | Data Bus (ID) Send + BSYO Low | 2tcip - 80 Pf fons | 
tBIsO | BSYI High + SELO Low 2tciF + 5 a ae er 
tBIDH | BSYI High > Data Bus (ID) Hold| 2tcip + 5 a ee eo 
tspcr | SELI High + BSYO, ID Bit Low i ae Steir + 115 | ons 


tctf : See 6.1.1 


n : TCL register set value (See 4.3.2 (2) - Select command.) 
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BSYI 


BSYO 
SELI 
SELO | 
tBHID tsorD | 
| >| tBIDH 
| 
} 
SDBO(ID bit) | } = = -; 


SDBE(ID bit) KL | a | 
SDBO (Except ID bit) 


i 
iT) . 


SDBI7 ~ 0,P 


INTR(Command Complete) renee 
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(2) INITIATOR (Without arbitration) 


a 
Pea [aeons meme oe [a | 
ast [ Weds OR ae Of 

Paar [ss [aa] 
Por [anes meee aw 
[ais [ests setw [eares| [= 


tcLF : See 6.1.1 


n : TCL register set value (See 4.3.2 (2) - Select command.) 
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BSYI 
BSYO 
SELI 
SELO 


tFRID tIDSO tBIDH 


SDBO7 - 0, P 


a | 
a CL 


1/00 


INIT 
CITAT 


ATNO i 


tSCIR 
INTR (Command Complete) F 
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(3) TARGET (With arbitration) 


for | sarwies ww | 
Frost [oe ts Go) wees ww | S| 
saat [wot ws ew | 8) 
ee [wares] [Rare] 
[fa [eso wih = tee ce | || 
fear [somes sare | = | | 
fart [awrni > sere | 8 | 
fre [ srt ene | ars] [Rar 
Fr | Tse nigh > Pese Sit ome] 10 | 
rene [70 Wi > tats fie [Rares] | | 
fsa [setts oom || | 


tcLF : See 6.1.1 
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BSYI 


tsIBI tSLBO 
BSYO 
SELT = 
tIDBI tBoID 
SS Oe ee ee 
tIIBI 
I/O! 


ATNI hes eee eae 


tATSI| tSLTG 


TARG 
| tTGPH 
MSGO 


C/D0 


1/00 sr 
a, = 
_. a 


SDBE7 - 0, P 


INTR (Selected) 


(4) TARGET (Without arbitration) 


st [ tae bs Go) wee Sew] —= ||| 
Past [Wort sew | sf 
reef earee] [mare] 
or | aso i= toes Gwe | ||| 
for [asown= srw | 8 | 
fart [aur saree | | | 
sre [ Sart Two win | Rare s| [ew | oe 
Fr [ we wen = se sipat owe] a0 [|| 
Fie [ cow > ta ts wie | Rares] | | 
sce [setts nie || | 


tcLF : See 6.1.1 
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tsiBo 
BSYO 
tBosI 

SELI 

tIDSI tBorD | 
SDBI7 - 0, P—V——— (I 

tLISI 
1/Ol 


“ = Eaeres 


tATSI| ‘tSLTG 
TARG 7 


tTGPH 
MSGO 
C/DO , 
1/00 -_ 
a, aa 
— SG 
SDBE7 - 0, P 


tSLIR 
INTR (Selected) 


6.3.2 RESELECTION Phase 


(1) TARGET 


= a 2 


tREBO BYSI Low + 0 6+n) x ee x 
(Start of peal ee mee +5 a + 65 
tBHID | BSYO High + ID Bit High 
| TARE BSYO High + Prioritize 32tere - 40 a eas 
Bie) Priorities fe ae 
tAIDT Bit) + Prioritize 
Bit) + Prioritize 
Bus Usage Permission Grant > 
TAWSO | SELO High ps ts | 
tsoID | SELO High + Data Bus (1D) Send | 11tc.p - 30 a ee ere 
tsoTe | SELO High + TARG High liter - 50 a re co 
troBL | 1/00 High + BSYO Low 2tcip - 80 ee Ue eae 
tIDBL | Data Bus (ID) Send + BSYO Low | 2tcif - 80 Pf dons | 
tgIso| BSYI High + SELO Low 2terr + 5 Pf ons | 
tBIDH | BSYI High + Data Bus (ID) Hold| 2tqp + 5 Pf dons | 
tsBcr | SELI High + BSYO, ID Bit Low a ie 3tc_p + 115 | ons | 


tctp : See 6.1.1 


n : tCL register set value (See 4.3.2 (2) - Select command.) 
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BSYI 


BSYO 

SELI 

SELO | 

SDBO(ID bit) | 4] +- -t | 
SDBE(ID bit) — = | | 


SDBO(Except ID bit) | | | | 


SDBE(Except ID bit) 


SDBI7 ~ 0; P 


TARG 


MSGO | 


C/DO 


1/00 


tSCIR 
INTR(Command Complete) ee 
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(2) INITIATOR 


Ps [aww we 
[ier [owe is GO) wre ei] —@ | 
ener [aor et || 
Se [ware [Sere] 
[ear [eons teams come] || 
[esr [ero nins wei | 8 | | 
[sto [cris Sw «| aS || | 
sim [stim worms [area] | 
[sun [ttt sme || a] 
[surt | secre itn | avs || ear] 
ee |e oP 


tctf : See 6.1.1 
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BSYI 


BSYO 


tBOSI tSIBO 
SELI 
tBOID 
cS tIDBI 
SDBI7 - 0, P 
tsIIH 
(EEeas eee ee ee ee ee 
1/01 ; 
tSLIT 
INIT 
CITDE 

SDBO7 - 0, P 

SDBE7 - 0, P 


tSLIR 
INTR (Reselected) | 
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6.3.3 Transfer Phase 


(1) Asynchronous transfer output (TARGET) 


[neo[ perio Tm 
[eine [700 Woh > twats toe [ware ||| 
[one [ ose ts aie > OH [Rar= | |_| 
[ov [righ > ene || 
[aa [seo win = vem ||| 
ra [series ecw |e | 
[ia | wee Ate | 
Pa [ae on eo P| 
[ae [aero > wees Aaresf [| 


tctF : See 6.1.1 


REQO 
TRHAH TAHRL tRLAL | tALRH 
“ Te 


tDVRQ tAKDV 


cc er, Oe) Sean 


MSGO 


C/D0 


1/00 


tIODE 
SDBE7 - 0, P 
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(2) Asynchronous transfer input (TARGET) 


Sc ec 

[Toi [oe ts we are ||| 

[enor [em tw = pense mow [=| 
T= 


tRHAH | REQO High + ACKI High 


TRLAL REQO Low + ACKI Low 


tAHRH | ACKI High + REQO High 2teie + 5 ee yee OR 


tcf : See 6.1.1. 


TAHRH 
REQO 
TRHAH TAHRL | tRLAL ALRH 
ACKI ieee! eee 
tDVAK 

tRLDV 
SDBI7 - 0, P oe nee 
MSGO 
C/DO 
1/00 


SDBO7 - 0, P 


SDBE7 - 0, P 
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(3) Asynchronous transfer output (INITIATOR) 


[eos tera] | 
ie [Tai twee we 
[rei [ rose Secty = earn [ooo || 
[Far [Heo w= ase howe | || 
a [veri = wi | earee ||| 
Pa [wo w= Ao | ae] 
[onc [tot ts we > ooo we [Rare] | | 
[aor [eerie oats | ||| 
ar [weer = cow ||| 
a [ve win > eer fs P| 
[ia [wer tow =A tw fw | | 
[Fate [ve w= earn fp) 
[aim [wer w= town [eared 


tcLF : See 6.1.1 


*1 =: With these timings, the ATNO signal is reset only when the last byte 
is sent at the MESSAGE OUT phase. 
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tRLNA 


REQI . 
tAHRL| tRLAL | tALRH 
tPHRQ tRHAH 


ACKO | | | 
TALPH 


UDVAK 
s0B07 - 0, P| a on 


TRATL |. tATLA 
ATNO *1 
MSGI Ls y 
ae | 
C/DI = 
1/01 E | on 
SDBE7 - 0, P 
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(4) Asynchronous transfer input (INITIATOR) 


[eee pereten eT] | 
[noe [erin > oot || | 
[oi [ ase pct REM [aw || 
[a [ARO tn Pe Oowe |_| id | 
[one [oa te wries eer | | 
[av [ARO High > Behe || 
[a [wearin = vee [| 
Pa [ae wear || 
a [reer on AOL | | 
a [oct n> care |e 
Pauw [earn AoW [eae | 
a [ano win > ve wwe] | 


tetF : See 6.1.1 


*1 With this timing, the ATNO signal is sent only when the parity checking 
is enabled and a parity error is detected in the input data. 
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REQI 


SbBI7- 0, P/ XY 
ATNO *1 


MSGI 

1 
c/DI aaa 
1/0! 


SDBO7 - 0, P 


SDBE7 - 0, P 
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(5) Synchronous transfer output (TARGET) 


= RE EB 


| tIODE | 1/00 High + Data Bus Enable | | 1/00 High + Data Bus Enable | + Data Bus Enable | 3tc_p + 5 


‘ CLF : 
tovrg Data Bus Valid + REQO High 
RECA - 40 


| FEO_Aeverion Frio tur P || 
ame wc tomsserein Period [mar 36] |_| ms 
Pa [ rw = owe mie [| 
a [recone Anew |e | |p 
Par [next ete vie | wee | 
Tratre [sent oete vie | Rar | | 
[a [nent aserion eri [|| | 
[ame [nec vomsserion ria | | | | 


tctf : See 6.1.1 


n :  TMOD register set value (See Fig. 4.4.1) 
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REQO 
jc takF2 —————| 


tAKF1 


tRHAH 


ACKI 


TAKAP | TtANAP 
tpvrg 


tRLDH 


a ae oS CRI SED 


MSGO 


C/DO 


1/00 


tIODE 
SDBE7 - 0, P 
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(6) Synchronous transfer input (TARGET) 


ac [ieee oats tiene| | | 
aw [reco ase ered ear) | 
[ame [Fc vousservin Ferd | wear] |_| 
ar [recon = vem | || 
ae [rex asenien eed | | | 
ae [ at aeaservin eri [|| | 
[a [ext ete tine @ | tar P| 
[re | wt erie tie @ | ar || 
EC 
[aor [aero > totes tes | [| 


tctf : See 6.1.1 


n : TMOD register set value (See Fig. 4.4.1) 
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REQO 


ACKI 


SDBI7 - 0, P 


SDBO7 - 0, P 


SDBE7 - 0, P 
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(7) Synchronous transfer Output (INITIATOR) 


[sine] favor dT] | 
[ee [aerton~ toe weave | ||| 
[oe [ Pose civ etm | oe | | 
[ea | veo w= se howe [|| 
[aw [wear ase reves | [| | 
[ane | wer tossevin Pera | | | | 
[are [weer ete ve @ | ar | | 
[a [wer in = 200 ww fer S| | 
a ae oe 


} TANAP | ACKO Nonassertion Period | Nonassertion Period | ACKO Nonassertion Period — | ntcir = of 


ecL CLF +t 
tDOTAK Data Bus Valid + ACKO High 
nt - 40 


tctp : See 6.1.1 


n : TMOD register set value (See Fig. 4.4.1) 
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REQI 


le. CPHRQ TRHAH | TAKAP | tANAP | 


ACKO 


tpvrQg) tRQDH 


SDBI7 - 0, P et Sea, ee 


ATNO *7 a 
*IIDD 


SDBO7 - 0, P 


SDBE7 - 0, P 
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(8) Synchronous transfer input (INITIATOR) 


[Sieber Parner | | 
[ne [Tein = aes || | | 
[roi [hese ect ea | ae || 
[a [ aio w= Fase Gome —f || 
[rome [sae wie= worm || |p 
aco [aris abst fw | | | = 
Pw [seer asennad P| | 
[ane [feti_tomsserin Fev’ P| || 
wer [seer ate vie @) ip wr | 
[wre [reer eter @ | ear | || 
ew [arin Ho [ ar == [| 
ate [to aseron erie | tar] |__| 
[ae [ae tomsserein Period wear=20) | 
any [rear in = aw ie Parse | P| 


tcL— : See 6.1.1 


n : TMOD register set value (See Fig. 4.4.1) 


*1 ANTO signal is sent only when the parity checking is enabled and a 
parity error is detected in the input data. 
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tROF2 
tROF1 
tROAP_| tRNAP 
REQI 


| tpHRQ tRHAH | tAKAP | tANAP 


Oe ae Oe 
ACKO a es 


tpvrg | tRQDH 
ee a 
Gee Gee, Ga 


ss tRATH 


SDBI7 - 0, P 


ATNO *1 
TALPH 
MSGI 


C/DI 


1/01 : 
tIIDD 


SDBO7 - 0, P 


SDBE7 - 0, P 
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(9) Transfer phase change (TARGET) 


Poe oe To 
tpHcH WI High + MSGO, C/DO, 1/00 
(PCTL register) 


7 
a tPHCH 


MSGO 


C/DO 


1/00 


(10) Manual transfer 


| Symbol | Parameter | Parameter =| | MIN | TYP | MAK | Unit | | Unit | it 
twrpy | WI High + Data Bus Valid 
(TEMP register output) 
t WT High + REQO, ACKO High 3t + 60 
STRA | (set ACK/REQ command) etcLr + 5 CLF 
t WT High + REQO, ACKO Low 
RTRA (Reset ACK/REQ command) etc + 5 StcLr + 60 


tcLF : See 6.1.1 


Note: Timing sequences not shown here conform to the asynchronous transfer timing 
sequence. 
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(TEMP) (SCMD) (SCMD) 
tSTRA tRTRA 


REQO (TARGET) 
ACKO (INITIATOR) | — 


| twrbv 


SDBO7 - 0, P STILLS) 


6.3.4 Attention Condition (INITIATOR) 


Sybe re [wae 


WT High + ATNO High/Low 
tATNO ea ATN command and Reset | 2tcip + 5 3tcLF + 60 
ommand 


te_f : See 6.1.1 


ATNO 
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6.3.5 BUS FREE 


(1) INITIATOR (Disconnected) 


a 
ait [esti ottw | || ears] 
Para [atts es ter [| | ear | 
[rau [ester oem vis [| | ar | 


tctfp : See 6.1.1 


BSYI 
INIT 


ATNO 


7 iia 
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(2) TARGET (Bus Release command) 


t WI High + BSYO Low 
mee (SCMD register) StCLp + 99 
t WI High + TARG Low 
(SCMD register) 3tcLF + 55 
tTecr TARG Low + Bus Clear 


tctf : See 6.1.1 


=| 


(SCMD ) 


tWTGL 
TARG 


tWRLS tTGCR 


BSYO 


MSGO 


C/DO 


1/00 


REQO 


SDBO7 - 0, P 


SDBE7- = 0, ? A 
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(3) SELECTION / RESELECTION phase stop (time-out) 


} Symbol | | Parameter | unit | 


=. High + SELO Low 

t WT High + Data Bus 
Disable (INTS register) 3tcLF + 100 

WT High + TARG or 


} tre10 TARG Low + | TARG Low + 1/00 Low | Low 


WT High + _ INTR Low 


tctf : See 6.1.1. 


WT 
twsL 

SELO 

BSYI 

twDBL 

SDBO7 - 0, P 

SDBE7 - 0, P 

twTIL 


TARG or INIT 


tTGIO 
1/00 


tWIRL = 
INTR (Timeout) 


= LOG < 


6.3.6 Reset Condition 


(1) RST signal sending 


a ee ES 
t WI High (bit 4 of SCMD 
RSTO register) + RSTO 


tRSOD Reset Delay 


(SCMD) 


RSTO 


SDBO7 - SDBOO, SDBOP 


SDBE7 - SDBEQ, SDBEP 


ame we 
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(2) RST signal receiving 


= 
trsip | Reset Delay = ae Atop + 115 aa 


te_f : See 6.1.1 


RSTI 


INIT 
TARG 
BSYO 
SELO 
REQO 
ACKO 
MSGO 
C/DO 
1/00 
ANTO 


SDBO7 - 0,P 


SDBE7 - 0,P 
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